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Age and Scientific Eminence 


eorges Weltei 


F. Elmsle\ 


AT what age do scientists do their best work? A cursory 
survey of names taken at random would suggest that it is 
surprisingly early in life. Newton had formulated his main 


S. Coope conceptions of gravitation and the calculus by the age of 
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24, and most of his best work was done before he reached 
45. Einstein “‘discovered”’ special relativity at 25 and 
general relativity at 35. Davy’s most fruitful work was 
done at the age of 29. Black discovered ‘“‘fixed air” at 26 
and latent heat at 34. Dalton, though he turned to the 
subject only after years of interest in meteorology, enunci- 
ated his atomic theory at 38. Linnaeus had developed his 
main conceptions before he was 28. Maxwell’s best work, 
both in statistical mechanics and in electro-magnetic 
theory, was done between the ages of 30 and 3%. Joule was 
29 years old when he discovered the conservation of energy. 
Dirac’s most revolutionary contributions to quantum 
mechanics were made when he was about 24. Perkin made 
the discovery which founded the synthetic dyestuffs 
industry at the age of 18. 

There are, of course, many instances of men who have 
reached scientific maturity later or maintained it longer. 
Faraday did not begin to be really creative till the age of 
40. J. J. Thomson was at his peak about that age. Ruther- 
ford was still remarkably original at 60, though his best 
personal work was done before he was 50. And there are 
a few extreme instances like that of William Herschell, 
who, when over 60, still towered above most of his col- 
leagues in the Royal Society (till Davy re-established the 
ascendency of youth), or Galileo, who was still producing 
work of first-class genius at the age of 74. 

On the whole, the age at which the best work is produced 
| Seems to be increasing in recent times, perhaps as a result 
| of the growing body of accumulated knowledge that must 
_ be mastered before the field is clear for really original 
| advances. An American study of the question (published 

In A. D. Little’s Industrial Bulletin, May 1943) gave the 
_ average age at which a group of scientists produced their 
outstanding results as 41, compared with novelists 46, 
philosophers 54, historians 57, and jurists 58. 

By and large, the scientist usually seems to reach the 
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prime. of creative work before the age of 45 and often 
before 35. Thereafter he is occupied not so much with 
highly original advances, as with the perhaps equally 
important task of consolidating the ground which his 
earlier “‘panzer’’ attacks have won. 

These reflections are prompted by an analysis of the 
age composition of the Royal Society recently published 
in the Society’s Proceedings (1945, Vol 184, pp. 464-77). 
It appears that during this century there has been little 
change in the proportions of Fellows in various age- 
groups, and that (in round figures) more than three- 
quarters of them are over 50, more than half over 60, and 
more than a quarter over 70. (These figures exclude the 
non-scientific Fellows.) The ages at which Fellows are 
elected are also given. From 1931 to 1944 no Fellow 
entered the Society below the age of 30, and (again in 
round figures) 20 per cent of the new entrants were between 
30 and 39 years old, 40 per cent between 40 and 49, 30 per 
cent between 50 and 59, and 10 per cent 60 and over. 
The average age of election over the past quarter of a 
century stands at about 47; the figure for the period 1848-73 
was about 43, and for 1873-97 about 44$. 

These figures reveal a difficulty that must inevitably face 
a body like the Royal Society, which justly seeks to be 
the leadership of British science. Its membership must 
necessarily be strictly limited. (The number of new 
elections per year has just been raised to 25, after standing 
at 15 from 1848 to 1930, 17 from 1931 to 1936, and 20 
from 1937 on.) It is both natural and just that the 
Fellows elected in any one year should be those whose 
scientific reputations stand highest. But that inevitably 
means that they will be men whose greatest discoveries 
were made a sufficient time earlier for their value to have 
been fully established. Thus it happens, as the above 
figures clearly show, that the vast majority of Fellows are 
elected at an age when they have already passed their 
period of most fruitful research. And it follows that in the 
Society as a whole the majority are not merely past, but 
well past, their most creative period. 

Needless to say, that state of affairs has certain advan- 
tages. A man who has experienced a period of fruitful 
activity and is now engaged on harvesting its results, or 
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watching others harvest them, has at his disposal a type 
of experience—very important for leadership—which is 
still unknown to his younger colleague, still in the flush of 
creation and less able to see clearly what the results will 
be. Some might argue that a body such as the Royal 
Society would function more effectively if it could repre- 
sent not only the experience of those whose best work 
has been well done, but also the enthusiasm and the 
awareness of current difficulties and opportunities which 
can only be provided by those at present experiencing the 
birth-pangs of their most creative research. But, in point of 
fact, the tendency in the Royal Society has been to elect 
fewer of the younger men to Fellowship—between 1848 
and 1872, 20 per cent of the new elections were under 35; 
in the last 7 years only 4 per cent. The recent increases in 
the numbers elected annually have done little to arrest this 
trend. 

Some might be tempted to interpret these facts in a 
facile way as a criticism of the outlook of the Royal Society. 
In fact, however, the difficulty is a very real one closely 
bound up with the purpose for which the Society is built. 
The very necessary effort to comprise within the Society 
the greatest possible assemblage of high scientific reputation 
automatically tends to cause the election of men of com- 
paratively advanced age. It is not easy to elect on the basis 
of work which is still in progress or whose full significance 
will not be apparent for several years. A mere increase in 
the number of annual elections, unless it were so large as 
to increase unduly the size of the Society, would not 
materially effect the age distribution. Sir Henry Lyons’s 
recently published history of the Society shows that its most 
fruitful activities have not coincided with periods of largest 
membership. To alter the age-composition of the Society 
would be difficult, and it is not easy to calculate what the 
upshot of any such alteration could be. 


Living Museums 


A PROBLEM that engages much attention to-day ts that of 


breaking down the “awful isolation” of the scientist from 
the rest of the people. The wide gap between the scientist 
and the man-in-the-street is, of Course, a consequence of 
the advance of science, and particularly of its increasing 
specialisation. But it is not an inevitable consequence, 
for once the existence of the trend has been noticed, ways 
can be found of counteracting it—providing the need for 
action is not allowed to become hidden by grandiloquent 
lip-service. 

The article on the Palace of Discovery in Paris 
elsewhere in this issue points out a technique that will help 
to build this much needed bridge—the technique of the 
“living museum”. It must be a /iving museum in two 
senses—in the sense that it must continually grow as 
science grows, and in the sense that it must continually 
bear on current living problems. There is, to our sorrow, 
a wealth of problems surrounding science to-day, all very 
much alive and demanding, if the world ts to pass from its 
present turbulence, rapid solution. The material aspects 
of our lives are so much bound up with science and its 
applications that no sensible political decision can be 
taken except upon a rational assessment of scientific 
and technical possibilities. A real democracy means a 
scientifically informed democracy. The atomic bomb made 
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that more obvious; it did not make it more true than it 
has been for some decades. Add to this such further items 
as the need to provide an increasing number of scientists 
and technicians and for that purpose to interest greater 
numbers at an early age, or the need in our increasingly 
technical industries to provide operators with something 
more than a rule-of-thumb approach to their work—and 
there results a very powerful series of reasons for using 
every possible means to raise the general standard of 
appreciation of science. A living museum in every large 


town and city could do much to spread this very necessary | 


appreciation of the role of science in modern life. 


There are, perhaps, three main stages in the evolution | 


of museums as instruments of scientific education. 





First there are those which exhibit the facts of science. | 


These do little to bridge the gap between science and the 
life of an average man. As seen through them, science 
remains a series of achievements—magnificent achieve- 
ments, the spectator may perhaps realise, but attained 
he knows not how. At a second level are those museums 
which set out to show the historical development of 
science and technology—of which our own Science Museum 
at South Kensington is a good example. Here at least the 
man-in-the-street may learn something of how science 
grows, and may come to realise that it does not move in 
a mysterious way its wonders to perform. Yet even these 


historico-scientific museums fail to make clear the intimate | 
connection between science and the current problems of | 


living. 


The museum that 1s needed to-day will go a step farther. | 


It will, on the one hand, use every possible method, whether 
by organisation or by technique of presentation, to interest 
wide sections of the community. And on the other, it will 
plan its scope so as continually to emphasise the relation 


(or, in frankness, the non-relation, when that occurs) of | 


science to present-day life. These aspects are, needless to 
say, not completely separable. 
implies a strong emphasis on the temporary exhibition 
technique. (Before the war the Science Museum was 
experimenting in this direction: the exhibitions illustrating 
low-temperature research, television, and “Science in the 
Army” stand out in our memories.) The basis of the 
museum will naturally be a solid core of well established 
past achievement; and if this is well arranged to exhibit 
cause-and-effect chains, such as the relation between 
Black’s discovery of latent heat and Watt's invention of the 
separate condenser, and between the latter and the expan- 
sion of the British export market and the nineteenth century 
rise in the standard of living—if such links are shown by the 
arrangement of the permanent exhibits, then the minds 
of customers will be well prepared to appreciate similar 
relations for more modern discoveries, as presented in 
temporary exhibitions. The themes of exhibitions should 
be continually changing, at a rate which must be deter- 
mined by experience as giving the optimum turnover of 
visitors. To-day there might be an exhibition of the 


problems of rehousing Britain, the scientific questions that | 


arise, the ways in which scientific work has partly solved 
them, the ways in which it is seeking to complete the 
solution, and the organisations that are involved. Next 
month it might swing to the other extreme and take as 
central theme, not a practical problem, but a branch of 
fundamental science. It would exhibit the recent and 


The last, for example, | 
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current progress of that science. Where its results have 
led to practical developments, these would be shown. 
Where practical developments are promised, but as yet 
unachieved, the future possibilities would be sketched. 
When necessary, it would frankly say, “*This line of funda- 
mental research appears very unlikely to lead to any 
practical results, but scientists consider it well worth doing, 
because of the way in which it enlarges their outlook.” 

To do such things effectively will need a revolutionary 
approach to museum techniques. New materials suitable 
for model-making must be sought out continually. Trans- 
parent plastics, to name but one example, yield wide 
possibilities for demonstrating the internal parts of work- 
ing models—-the old technique of cutting away parts of 
the exterior prevents the model from working in any real 
sense. Models that work on the pressing of a button are 
an established part of museum technique: yet their possi- 
bilities are by no means fully explored. Hitherto they 
have been used chiefly to demonstrate complex machines. 
But they might equally serve to perform scientific experi- 
ments—a complete range of experiments in electro- 
magnetism could without difficulty be set out in such a way 
that, by pressing a few switches, the visitor could re-experi- 
ence in shortened form the work of Faraday; and no doubt 
the same is possible for selected parts of even the most 
modern science. It might even be possible to arrange a 
press-button assembly that would present the visitor suc- 
cessively with the alternatives that a scientist meets in 
tracking down the cause of some phenomenon, and thus 
allow him. in some degree, to work out for himself the 
scientific method of thought and experiment—perhaps 
presenting him in the end with a certificate showing that 
he had selved the problem, and with how much skill! 
Needless to say, photo-montage methods waald be invalu- 
able for showing the relation of scientific developments to 
economic and social problems. 

Many organisational reforms are needed if the museums 
are to become fully a part of national life. One of the 
most obvious is a change of the hours during which they 
are open. The present opening hours perpetuate the 
tradition that science (or any aspect of culture) is the 
preserve of the leisured few, and until museums are 
regularly open in the evenings the working man will have 
little chance of using them. There will have to be a greater 
integration of museum activity with that of other organisa- 
tions. Museum services to schools are now well established, 
though they can still be greatly extended. But there Is 
surely no reason to confine the contacts to schools. Adult 
education bodies, as a first step, should have equal con- 
sideration. And beyond that, there seems to be no good 
reason why the museum in its attempts to raise the general 
standard of education should not co-operate with any and 
every body which organises large numbers of people, with 
churches, literary and debating societies, trade unions and 
co-operative guilds. If these can be drawn into the work 
of the museum, both to advertise its advantages to their 
members, and to help it shape its policy in the way that 
will give widest appeal, then the value of the museum to 
the community will be multiplied tenfold. Equally, to 


plan the varied exhibitions of contemporary science, the 
museum staff will have to co-operate with university 
departments, Government and 
and many other institutions. 


industrial laboratories, 
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All these things will cost money—even ignoring the fact 
that museum staffs, on the whole. are extremely badly paid. 
(Just how bad the pay can be was brought home to us last 
month when we found out that an indispensable member 
of the staff of an excellent provincial museum was earning 
£5 a week—£5, for services rendered to his community, 
services at least as great as those of an efficient teacher or 
bank manager.) 

The total income of British museums before the war 
appears to have been well under £2 million a year, or 
say, one shilling per head of the population. Considering 
the ridiculously small sum spent, the museum service we 
have is better than we deserve. It can hardly be expected 
that the museums will be able to make their full contribu- 
tion to national education unless these figures are sharply 
revised upwaras. 

The development of our museums along such lines will 
take a considerable time. Progressive museum curators 
already before the war carried with them the concept of 
living museums, and had it not been for the war it is quite 
likely that Britain would by now have had at least one 
museum putting into practice the ideals that inspired the 
founders of Paris's Palace of Discovery. To many of our 
museums the war has meant the loss of more than six 
years work. So far as London is concerned, both the 
Science Museum and the Natural History Museum were 
damaged by bombs. The Science Museum is still shut, and 
only Servicemen are allowed into the Natural History 
Museum (where most of the galleries are still roped off). 
The Ministry of Works ts the department responsible for 
getting the bomb-damaged galleries repaired and the show 
cases reglazed, but according to all accounts it gives the 
national museums a very low priority. We recognise 
that housing must claim nearly all building labour at the 
the present time, but we wonder whether the first-class 
educational importance of museums is being taken into 
consideration by the Government. As it is, the school- 
children of London have been denied access to the national! 
museums for about six years; to-day they are worse off 
than are the children of Norwich, for example. We 
support The Observer's plea that the Government should 
give Our museums more help now. 


The Origin of Cultivated Plants 


To the average person the origin of our fruits, vegetables 
and cereals may have little more than historical interest. 
But to the scientific plant improver a clear understanding 
of the way in which our cultivated plants have originated 
and developed is essential. Not only does he learn how 
diverse new forms have arisen in nature, from which man 
has selected according to his needs, but also he discovers 
what raw materials he has at his disposal for future 
improvement. 

The change from an early belief that cultivated plants 
were “an original gift from the gods”, to our present know- 
ledge, is an interesting story. When man began to classify 
plants, he found inferior types in the wild which were very 
similar to the cultivated forms. He therefore began to 
think that cultivated plants were derived from wild forms 
and this led to the belief that cultivation actually changed 
the heredity of a plant. Better soil conditions certainly 
produced larger plants but some people went so far as to 
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Left—The most primitive species of wild wheat (T. 
aegilopoides); the ear breaks up into sections, with- 
out the chaff separating from the grain. Right-—With 
a typical bread wheat, the grains are much larger 
and threshing removes them from the ear. (From 
Percival’s “The Wheat Plant’.) 


suggest that this change of environment also caused a 
direct and permanent improvement which could be trans- 
mitted to successive generations. 

These were the views of the Swiss botanist, De Candolle, 
who in the middle of the eighteenth century attempted to 
trace the origin of cultivated plants from their wild anéestors 
by correlating the information obtained from plant 
classification with historical evidence. Darwin's contribu- 
tion to this problem was in showing the part played by 
natural, and human (often unconscious), selection in evolu- 
tion from ancestral types. Many of these he considered 
had become extinct. 

Since Darwin did not claim to know anything about the 
laws of inheritance it was left to Mendel to show how new 
forms arose as a result of crossing between existing types. 
Selection could then operate on the variable progeny of 
these crosses. 

The next step forward was made by the Russian worker 
Vavilov, who made extensive geographical surveys in 
order to determine the range of variation and distribution 
of the main economic plants. He found that these plants 
showed a centre or centres of diversity characteristic of 
each. He considered that eleven or twelve regions could be 
named as sources of nearly all variation for the different 
species. From this he considered that the centre of diversity 
was the centre of origin of a cultivated species. For 
example, he considered that barley and coffee originated 
from Abyssinia; garlic, lettuce and rhubarb from the 
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Mediterranean; wheat, oats and rye from Persia; spinach, | 
apples and pears from Afghanistan.* 

But the situation is not quite so simple as that, since the 
main centres of diversity can be shown to have shifted. 
In the book, Chromosome Atlas of Cultivated Plants 
(published by Allen & Unwin at 12s. 6d.) Dr. C. D.| 
Darlington shows how this shift is mainly due to changes | 
in the centres of greatest cultivation which are bound up 
with the rise and fall of ancient empires. Often when 
cultivation spreads into countries less favourable to a 
particular crop it may be replaced by its own weeds. For 
example, rye appears to have arisen in S.W. Asia as a 
weed in the wheat crop. Similarly, peas and beans arose 
as weeds in cereal crops. Thus Darlington argues that 
Vavilov’s centres of diversity should rather be regarded as 
centres of development. As such, therefore, they may not 
tell us all of the past but they do indicate the direction 
for the future. 

In their book Dr. Darlington and Miss Janaki Ammal 
have made a survey of a different kind. It is a survey of 
the chromosome number of cultivated plants and their 
allied species. Since the chromosomes are the essential 
elements of heredity it is often possible to trace the paths 
of development from a knowledge of chromosome 











number alone. 
WiLD TYPE First Step: SECOND STEP: 
Chromosome 
number Brittle rachis, Rachis less Rachis tough, glumes 
tough awned glumes brittle loose and often 
without awns 
14 (diploid) ae zilopoides monococcum a 
(Asia Minor) 
28 (tetraploid) dicoccoides dicoccum turgidum 
(Syria) polonicum 
durum 
(Mediter- 
ranean) 
42 (hexaploid) os spelta sphaerococcum 
compactum 
vulgare | 
(Persia and 
Afghanistan) 





TABLE INDICATING HOW THE WHEATS EVOLVED 


The table, taken from the book with very slight modi- 
fication, shows how the transition from primitive wheat 
species to the modern cultivated wheat used for making 
flour is related to a change in chromosome number. AS 
one goes from left to right across the table one gets an 
accentuation of the qualities of the wheat that are desir- 
able when it comes to threshing. In the bread wheat (7. 
vulgare), for instance, the rachis (the stalk on which the 
grains are borne) does not break up in the threshing 
process, nor do the chaffy bracts (glumes) remain envelop- 
ing the grain—in other words, the grain can be removed 
from the stalk by threshing. 

In the most primitive species, 7. aegilopoides, on the | 
other hand, the rachis is very brittle and the glumes | 
remain around the grain; threshing would break the ear 
into pieces, but leave the grain unseparated from the 
attendant structures. Going from top to bottom of the 

* Cf. Dr. Hawkes’s article in the February 1945 issue of DiscOvERY 
(Vol. VI, pp. 38-46) on the origin of the cultivated potato; a typica' 


“centre of diversity”, in the Curzo-Lake Titicaca region of S. Peru 
and N. Peru, was shown in the maps on pp. 44 and 45. 
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table there is an increase in size of the grain; in 7. aegilo- 
poides, which the uninitiated would take for just another 
wild grass if they could see it growing on the hillsides of 
Greece and Bulgaria, the grain is of insignificant size, a 
hundred of them weighing no more than a gram. 

Since man took to cultivating wheat he has carried out 
an unconscious selection of a type of wheat in which the 
grains become easily detached during threshing. The 
evidence is that our modern bread wheats arose as hybrids 
between species with 14 chromosomes and species with 
28 chromosomes: such hybridisation accompanied by a 
doubling of the chromosomes would yield 42-chromo- 
some types, of which the common bread wheat js one. 
Many of our cultivated plants, such as swedes, plums and 
oats, have arisen as hybrid polyploids produced in this 
way. Polyploids can now be readily induced artificially 
(readers will recall the article on artificial polyploids 
published two months ago in Discovery) and this chromo- 
some atlas will enable the plant improver to decide 
what new types of plants can be produced by the new 
techniques. 


The Chemistry of Penicillin 


IT became known more than a year ago that the com- 
bined efforts of British and American research chemists 
had resulted in the elucidation of the structure of penicillin. 
Until the end of last year, however, there was a rigid ban, 
which caused considerable controversy among the scientists 
concerned, on the publication of any details relating to 
the chemistry of penicillin. The recent publication, simul- 
taneously in Nature (December 29, 1945) and under the 
joint auspices of the U.S. Committee on Medical Research 
and the British Medical Research Council—of a summary 
of the progress made in the chemical investigation is there- 
fore welcome, though one may hope that a very much 
fuller account, worthy of the importance of the work, will 
be available soon. 

The technicalities of the report need not concern us here, 
but certain of the results obtained are of considerable 
general interest. By breaking down the penicillin molecule 
by various methods, of which the most important were 
hydrolysis by acid and alkali, its structural formula has 
been shown to be: 
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Sodium Salt of Penicillin 
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Penicillin must now be regarded as a generic rather than 
a specific name. Four different forms have been distin- 
guished, differing in the nature of the group R in the above 
formula. R contains always six or seven carbon atoms 
arranged either in a ring or in a straight chain. Three of 
these forms, known in England as I, II, and III and in 
America as F, G, and X, have been previously described, 
but the report contains the first mention of the fourth 
Penicillin, penicillin K. The four forms differ slightly in 
their activity against certain bacterial species. 
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The report shows that large fragments of the penicillin 
molecule have been synthesised; it does not, however, say 
that synthesis of the molecule as a whole has yet been 
achieved. In view of several recent reports about penicillin 
synthesis, it may be as well to state quite categorically, 
and on the best authority, that penicillin has not been 
synthesised. 

The main difficulty lies in the formation of the ring 
of four atoms—three carbon and one nitrogen—in the 
centre of the molecule. The natural tendency is for atoms 
of this kind to arrange themselves in rings of five. In the 
work on total synthesis all the methods suggested by 
modern organic chemical knowledge have been tried 
without success; the solution of the deadlock may have 
to await developments in other fields of organic chemistry. 
The present position is reminiscent of that which existed 
for many years in relation to the synthesis of quinine. 
The structure was known, almost the whole molecule was 
synthesised, but the final step eluded chemists for some 
twenty-five years. The production of synthetic penicillin 
in the laboratory, let alone on an industrial scale, is 
unlikely for some considerable time to come. 


Saccharin’s Discoverer 


FEBRUARY 10, 1946, saw the centenary of the birth of Ira 
Remsen: this same year will probably see a great decline 
in the use of saccharin, with whose discovery his name is 
associated. In 1879 Remsen was Professor of Chemistry 
at John Hopkins University where, with his colleague 
Fahlberg, he was investigating the oxidation of o-toluene- 
sulphonamide. It is recorded that returning home to his 
evening meal Fahiberg found that his bread and all the 
food he touched tasted very sweet. Returning to the labora- 
tory he carefully examined all the vessels that he and 
Remsen had used that day until he found the source of the 
sweet substance. Following up this observation with 
Remsen, saccharin was isolated and identified as the imide 
of o-sulphobenzoic acid. Later, Fahlberg developed a 
manufacturing process, similar to that used to-day, which 
used toluene for its starting material. 

Saccharin is, weight for weight, about 550 times as 
sweet as ordinary sugar. It has, however, no nutritive 
value and in peacetime it was used mainly by diabetics 
and others who must exclude sugar from their diet. As it 
is not fermentable it has also found use in the food 
industry. 

In wartime, saccharin came into its own and many 
hundreds of millions of the familiar little tablets were 
manufactured. In all, Great Britain manufactured nearly 
3,000,000 Ib. of saccharin during the war. These tablets 
contained alsc dulcin (p-phenetolecarbamide) which, 
while itself only slightly sweet, has the property of con- 
siderably enhancing the sweetness of saccharin. Extensive 
tests made before and during the war have completely 
refuted the suggestion that saccharin, even in doses in 
excessive of any imaginable daily consumption, has 
poisonous properties. The sweetness of saccharin is, 
however, perceptibly different from that of ordinary sugar 
and as it is also inclined to leave a taste in the mouth its 
passing and the speedy return of unrationed sugar will be 
regretted by few. 

Ira Remsen made many original contributions to 
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chemistry but probably his best memorial is his publica- 
tions. He had a fluent style which helped much in inter- 
preting the new and difficult fields of chemistry being 
explored in his time; his books and lectures were very 
popular and reached a wide circle of chemists. Many of his 
books were translated into German, Italian, Russian, and 
other languages. In 1879 he established the American 
Chemical Journal which, after running through fifty 
volumes, was finally incorporated in the present leading 
American chemical publication, the Journal of the American 
Chemical Society. Remsen died on March 4, 1927. 


New Scientific Instruments on Show 


AFTER six years of secrecy the British Scientific Instrument 


industry has at last been permitted to reveal the extent of 


its wartime progress. The Physical Society's January 
Exhibition will be remembered for some time, both for 
the wealth and variety of the exhibits and for the unprece- 
dented crowds which patiently queued for a quarter of a 
mile before getting in. 

Electrical and optical instruments predominated, and 
many radar devices, such as the cavity magnetron, were 
shown publicly for the first time. Besides the enormous 
range of more or less standard electrical-measuring instru- 
ments, many of which had been refined almost out of 
recognition, the application of electronic devices to other 
fields was very marked. Salford Electrical Instruments Ltd., 
for example, exhibited a radio-frequency “‘crack-detector”’ 
for the inspection of metal bars and rods: this used 
the “skin-effect” of high-frequency currents to measure the 
depths of those minute surface cracks which reduce the 
strength of many materials. Another interesting device was 
the Scophony dynamic balancing machine which enables 
an unskilled operator to balance the rotors of high-speed 
electric motors to within a few milligram-centimetres; with 
the aid of the ubiquitous cathode-ray tube this instrument 
indicates the position of any out-of-balance mass and the 
amount which must be removed. Among the research 
tools the first British commercial electron microscope was 
shown by Metro-Vickers, and there were several other 
instruments, such as the Philips geiger-counter X-ray 
spectrometer, which before the war would have had to 
be ““home-made™ by any laboratory which required them. 

In the optical field, the “*blooming”™ of surfaces to reduce 
unwanted reflections was much in evidence. The technique, 
originally derived from research on monolayers, depends 
upon the deposition of a film a few molecules thick on a 
surface, reflection from which it is desired to suppress. 
Magnesium fluoride is one substance used for the purpose. 
The performance of range-finders, binocularsand periscopes 
used during the war was much improved by the method. 

The reverse effect—giving an increase in_ surface 
reflection—was demonstrated in another exhibit, the effect 
depending on a transparent film of zinc sulphide. (The 
film, The House on 92nd Street, is interesting in this 
connection: it shows the technique, used by the USS. 
Federal Bureau of Investigation, of concealing a cine 
camera behind a glass screen that looks like a mirror and 
this depends on what is known as a half-silvered mirror, 
which, like the zinc sulphide film, reflects some light and 
lets some pass through.) 

British-made porous’ plates of sintered glass, previously 
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a monopoly of the Jena factories in Germany, were alsc 
shown. | 

The research and educational section, containing exhi. 
bits from university and industrial research laboratories 
occupied a smaller proportion of space than usual. This, 
though understandable in the circumstances, is to bk 
regretted. Among the most interesting exhibits in this 
section were a number of mechanical models illustrating 
the modes of action of the magnetron, the klystron anc 
the cyclotron. 

It is impossible here to do justice to even a small part 
of the whole exhibition, but a few general conclusions may 
probably be drawn. Much has been said recently of the’ 
need for increasing our industrial efficiency by intensive. 
research. This will be of no avail unless suitable instru- 
ments with which to apply the results of the research to 
every stage of industrial processes are available. The 
exhibition demonstrated clearly that we can produce 
instruments of extraordinary complexity in large numbers, 
once the requirements have been made clear. Furthermore, 
in the drive for exports these instruments will be able to 
make a major contribution. There is, of course, another 
side to the picture. In recent months several sections of 
the industry have been complaining bitterly of the lack of 
co-ordination of Government policy towards them. This 
was resulting in the calling up of workers from trades| 
which had already been so reduced that the numbers of 
skilled men left amounted to only a dozen or so in the entire 
country. On the other hand, those sections of the trade 
which have catered immediately and solely for one or 
other of the supply ministries have been pampered, with 
the result that many of their instruments show an extrava- 
gance of design which would never be tolerated under 
peacetime conditions. These anomalies were very evident 
in the lay-out of the exhibition; items of general laboratory | 
equipment such as thermostats or stirrers were hard to | 
find among the plethora of electronic devices. 








The Potato Famine of 1846 


THis winter marks the centenary of the beginning of the 
great Irish potato famine, which started in 1845 and reached 
disastrous proportions in 1846 and 1847. The crop failure | 
was due, as nearly everyone knows, to a microscopic 
fungus, known popularly as “‘blight’’—and scientifically as 
Phytophthora infestans. Potato blight was first noticed in 
England in the summer of 1845 on potato crops in the south | 
and it spread rapidly. The Gardeners’ Chronicle and Agri- 
cultural Gazette soon after reported: A fatal malady has 
broken out amongst the potato crop. There is hardly a sound 
sample in Covent Garden Market. 

Its presence had been noted several years before in 


parts of Europe, but in 1845 the disease spread rapidly in | 


all the countries of Europe causing practically the whole 
of the crop to be lost. Only in Ireland did this cause famine. 
for in Ireland the potato had outstripped all other crops in 
importance and the peasants grew it as their main food. 
When it failed, they starved. 

The potato had arrived in Ireland at the beginning ol 
the seventeenth century: it seems to have become popular 
almost at once, whereas its continental popularity did not 
come for another 200 years. One reason for this immediate 
success was undoubtedly the low standard of life in colonial 
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Ireland at that time, for the potato on its arrival in Europe 
was a relatively unimproved vegetable and unable to com- 
pete with the crops grown by other, more prosperous, 
farming communities. Another reason possibly is that the 
climate of Ireland is almost ideal for the potato, since it 
flourishes in just such damp situations in its native South 
American home; furthermore, it can easily withstand slight 
soil acidity—a condition very prevalent in the peaty Irish 
soils. The climate of Ireland also is such as to prevent the 
“degeneration” of potato stocks by the spread of virus 
diseases—the insects that carry the viruses do not flourish 
under these damp, cool conditions. Probably another and 
more vital reason for the growth of its popularity was the 
unsettled state of the country, the continual war and 
strife; a crop such as the potato, which could be left in the 
soil and dug when required during the winter or stored in 
a pit, was ideally suited to a poor and uneducated peasantry 
not able to provide the dry storage necessary for conserving 
grain crops. Thus it formed an admirable staple, almost 
free from pillage and looting by soldiers owing to the 
convenience of storage, and capable of growing for a year 
or more without attention if the peasant was unable to 
return to his native plots through circumstances connected 
with war. : 

In the winter of 1846-47, the worst period of the famine, 
although the population was starving, there was, paradoxi- 
cally, enough wheat in Ireland to feed the entire people. 
It was grown on the large estates for export to England, 
yet the peasants could not buy it since they were too 
poor. 

Famine relief was attempted but it was not altogether a 
success. On the pattern of the Workhouse, food was only 
issued (in the most unpalatable way that Victorian in- 
genuity could devise!) when work could be done in return, 
so that those who were too old or feeble to work starved 
todeath. The decrease in population resulting from deaths 
and emigration was enormous and has been estimated at 
around two million. One writer has described the Irish of 
the period as living on “hope and potatoes’ —and such was 
their faith in the vegetable that the peasants still planted 
itin 1847, when luckily the harvest was good. 

It is now 100 years since the outbreak of this potato 
disease. What advances have been made in that time 
towards controlling it and preventing recurrences of 
famines on such disastrous scale? 

The problem has been tackled from two points of view: 
firstly by the attempt to find out the nature of the disease 
itself and to control it by chemical or other means; 
secondly to introduce new types of potatoes resistant to 
the disease. 

At the outset the nature of potato blight was wholly 
miscomprehended; it was generally thought to be due to 
excessive dampness causing the plants themselves to rot, 
or to the poorness of the soil or some other such cause. 
However, as early as 1845. the Rev. M. J. Berkeley 
asserted that the disease was due to a microscopic mould 
or fungus; but even when the presence of the fungus had 
been clearly demonstrated Professor Lindley and others 
Who opposed this view still found it impossible to believe 
that the fungus was the actual cause of the disease. They 
believed that the blight fungus came in afterwards when the 
tissues were already dead—that it was. in fact, a saprophyte 
and not a parasite. The final proof that the blight fungus 
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actually caused the death of the potato leaves came rather 
later after much more had become known about other 
plant diseases. 

Many methods of combating the blight by cultural 
or other methods that were tried in the early years of the 
century were of little avail. Its incidence, it was true, 
seemed to be largely dependent upon moist conditions and 
heavy rainfall, but different manurial or storage treatments 
proved quite ineffective. It was true that if the haulms of 
the potato plant were removed before the disease had 
become too severe the tubers would remain reasonably 
free, but on the other hand the yield would be greatly 
reduced by such a premature removal of the stems and 
leaves. However, this was better than getting no crop at 
all. (Later the killing and sterilising of the haulms at the 
end of the season with a chemical like sulphuric acid was 
introduced: this made it possible to lift the tubers uncon- 
taminated by spores from the diseased leaves.) 

Chemical control of blight above ground came after 
control measures had been elaborated for wheat and vine. 
In the eighties Millardet and others had been experimenting 
with copper sulphate and lime mixtures for the control 
of mildew of French vines; these came to be known as 
Bordeaux mixtures. Millardet suggested in 1885 that 
Bordeaux mixtures might prove efficacious against potato 
blight, too, and between 1885 and 1889 the best methods 
of its application were worked out in France. It was not 
adopted in Britain until the turn of the century. To-day 
we can say that sufficient and correct applications of 
Bordeaux mixture to the potato crops give an admirable 
method for the control of the blight disease. It must be 
admitted that this method is tedious and expensive, though 
paying for itself over and over again in the value of crops 
saved from failure. 

To find a potato that would quite unaffected by blight 
would, nevertheless, be a much better proposition. Let 
us see what has been done along those lines. 

The first attempt to find a blight-resistant potato was 
made by Professor Lindley, editor of the Gardeners’ 
Chronicle and main exponent of the non-fungus-parasite 
view of blight. In an article in the Journal of the Horti- 
cultural Society published in 1848 he writes: Among the 
speculations that have been entertained respecting the 
Potato disease, one consisted in the belief, that in order to 
he secure against the future ravages, it was only necessary 
to bring the plant once more from its native country, and 
begin over again the process of domesticating it. He tried 
potatoes brought both from Peru and Mexico; of these the 
Peruvian were as susceptible as our own, but one of the 
Mexican plants was immune. This species, which he called 
Solanum cardiophyllum, was so far removed from the 
cultivated potato that he deemed it to be useless. (It was 
one of the ironies of fate that the other Mexican potato, 
which he called Solanum demissum, was also apparently 
susceptible to blight, though this species with its many 
immune forms has formed the basis for much of the later 
breeding work.) 

It was not until the end of the first decade of the present 
century that true resistance to the blight fungus was found, 
and this discovery was made by Dr. R. N. Salaman in 
S. demissum varieties from Mexico. Breeding work and 
fresh introductions showed that only Mexican potatoes 
possessed true immunity to blight. 


Continued on p. 46 
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During the war isotope separation reached its grandest scale at Oak Ridge, Tennessee, where 


L235 required for one sort of atomic bomb was concentrated by the gaseous diffusion method carried out in 


production units like the ones seen at the rear of the photograph. 


To achieve substantial enrichment, the 


process had to be repeated many times, and this repetition is reflected in the monotony of the plant design. 
The total area of porous barriers involved was to be measured by the acre. 


Continued from p. 20 


Isotopes: their separation and uses 





B. A. LISTER, M.Sce., A.R.C.S., A.R.IC. 


IN this. the concluding part of our survey of Isotopes, we 
are going to consider the methods used for their separation 
and finally look very briefly at some of the uses they have 
founa in various fields of scientific work 

Since the electronic structure and hence the chemical 
properties of isotopes are identical, four most practical 
purposes they are separable only by processes depending 
on the nuclear mass. Ina gas made up of a mixture of two 
isotopes, the speed of the light molecules is greater than 
the speed of the heavy molecules. Consequently, processes 
depending on molecular velocities can be used in the 
separation of isotopes. Molecules are subject to gravita- 
tional fields and, if ionised. they are affected by electric 
and magnetic fields. As the effect of these three forces 
depends. in each case, on the mass of the molecules, their 
application provides possible means for isotopic separation. 
Inter-atomic and inter-molecular forces must also be 
considered in working out a separation process. 

In the present era of atomic energy and atomic bombs 
it is perhaps natural that, in any discussion on isotopes, 
emphasis should be laid on the problem of the separation 
of the isotopes of uranium. If, however, it appears that 
undue attention is given to this single element, it should 
be remembered that the greatest advances in technique 


have come in connection with uranium and that the separa- 


tion of large amounts of U235 represents the peak of 
achievement in this field. 


Electromagnetic Method 


Although the mass spectrograph (or mass spectromete!) 
enables the greatest degree of separation of isotopes to be 
attained, until recently the instrument could only deal 
with minute quantities of material of the order of one 
millionth of a gram per day. The reasons for this are 
threefold: firstly, it is difficult to produce large quantities 
of gaseous ions; secondly, the ion beam is limited by a 


series of slits and diaphragms and only a fraction of the | 


ions produced are utilised; and thirdly, too great densities 
of the ion beam may cause space charge effects which 
interfere with the separation. 

The first complete separation of the isotopes of an 
element was 
the order of a hundredth of a milligram of the two isotopes 
of lithium being produced. The next few years saw success 
with potassium, rubidium, boron and carbon, but still the 
yields were extremely small. Consequently, when in 1941 


the need arose for enriched samples of U235 (there is only 





achieved in 1934 with lithium, quantities of 
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Fic. 14.—The atomic arms race made heavy water a 
munition of war and put the plant of the Norsk 
Hydro Company at Rjukan, 80 miles west of Oslo, 
high up the “target list” of the British Ministry of 
Economic Warfare. The Germans relied on it for the 
supply of heavy water they needed for their atomic 
bomb research, and in 1942 Norsk Hydro were ordered 
to increase production to 10,000 lb. a year. The 
plant, of which two views are shown here, was put 
out of action in February 1943 by a small force of 
Norwegian soldiers trained in Britain and dropped 
by parachute. 


one part of U235 in 140 parts of ordinary “mixed” uranium; 
see Fig. 12 in last issue), the electromagnetic method was 
not considered suitable for large-scale separation. Since 
then, however, it has been shown that the difficulties were 
not insurmountable and, in fact, the first appreciable 
sized samples of pure U235 were produced by an electro- 
magnetic separator. 


In the race to obtain a separation of the isotopes of 


uranium, the hurdle of the space charge effect was the first 
to be cleared, leaving the obstacles of obtaining a more 


productive 10n source and a more complete utilisation of 


the ions still to be tackled. The effectiveness of an ion 
source is controlled by many factors, among them being 
the design of the source and the method of drawing ions 
from it, and even if security restrictions permitted, the 
techniques actually used would be too involved for inclu- 
sion here. In any event, the conditions must be largely 
empirical and would probably differ from element to 
element. The difficulties in the way of utilising a greater 
proportion of the ions formed was partly overcome by 
careful positioning of the ion collectors. 

The dimensions of electromagnetic separators have so 
considerably increased in the past few years that the latest 
equipment bears little resemblance to Aston’s original 
model. In order to realise the degree of technical achieve- 
ment reached, it need only be mentioned that the magnet 
used in some of the later work on uranium in the U.S.A. 


has a pole diameter of over 15 feet and a pole gap of 


6 feet, compared with corresponding figures for Aston’s 
first mass spectrograph of 8 cm. and 3 mm. 


At this point, before going on to discuss other methods of 


isotope separation, we should perhaps consider the criteria 
used in judging the effectiveness of the process. Let us 
Suppose that in the original mixture the number of atoms 
of masses m, and mm, are p, and p, and that after processing 
the corresponding numbers are g, and qs, then the ratio 
91.92 
Pi P» 
("—1) is often a more useful quantity to deal with and is 


is known as the separation factor, r. The number 





tae 





called the enrichment factor. For example, in increasing 

the proportions of one constituent from 1 to 10 per cent 
a . 10/90 

the separation factor, r, is 1/99 11. 

process a high separation factor means a low yield and a 

compromise continually has to be made between these 

two opposing factors. 

In the electromagnetic method just described, this 
compromise cannot be avoided, and it has been found that 
the use of a single stage with a very high separation factor 
is far less practicable than a number of stages each with 
a rather lower separation factor. 


In practically every 


Gaseous Diffusion 


The method which, early in the war, was considered 
most promising for the large-scale separation of uranium 
isotopes depends on a process of gaseous diffusion. Since 
the rate of diffusion of gases through a small aperture 
(small, that is, in comparison with the mean free path of 
the molecules) is inversely proportional to the square 
root of the mass of the molecules, a change in composition 
must occur when two or more gases which differ in mole- 
cular weight are allowed to diffuse through such an 
aperture. This can be simply represented by the relation 
R, Rs=.1M, M, where R, and R, are the rates of diffu- 


sion of molecules of the two species and M, and M, are 


their respective molecular weights. During such a diffu- 
sion process. an equilibrium state is slowly reached when 
the compositions of the gases on either side of the aperture 
are identical. In practice, a single aperture is never used, 
but instead some sort of porous barrier; the clay piping 
used by Aston in early attempts to separate neon isotopes 
is one example of a porous material providing a suitable 
barrier. 

Since the differences in mass of the isotopes of an 
element are usually very small, only slight separations 
are obtained in a single process, but by using a number of 
porous-walled diffusion units in series, the gases being 
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Fic. 1S.—GASEOUS DIFFUSION. The apparatus is filled initially with a mixture 
Its operation can be understood by considering what happens 
in the _— diffusion unit that has been marked off. The gaseous mixture enters ‘ 
; thence it passes to R, where part diffuses through the porous tube to of 
reach the next diffusion unit to the right via B. The remainder of the gas (now 
slightly enriched in the heavier constituent) enters S where another partial separa- 
tion occurs, part diffusing through the barrier and being transferred, via C and 
through the pump Ps, back to R; the residue leaves via D and goes to the next 
In this way the gas enriched in the lighter isotope flows 
to the right and the heavier gas moves in the opposite direction. 


of gaseous isotopes. 


through A 


diffusion unit to the left. 


circulated in a closed system, better results are obtained. 
This cascade diffusion method, ag such an arrangement is 
called, has been developed by G. Hertz, whose original 
apparatus contained 48 diffusion tubes and 24 mercury 
diffusion pumps to circulate the gases (Fig. 15 shows its 
principle, but to simplify 
diffusion tubes is reduced to 8). 

A modification has been introduced by Hertz in which 
the streaming mercury vapour of the pumps is used as 
the diffusion barrier, but the general principles of the 
method are the same. For these cascade systems if the 
separation factor for each unit is r, then the overall 
separation factor for 7 such units is 7”. The speed of the 
process is limited by the speed with which diffusion 
through the porous barrier or vapour stream can take 
place; since the first need is for the barrier to be strong 
enough to support the pressure differences between the 
two sides, the number and area of the pores will be 
limited and thus the procedure is necessarily very slow. 

A nearly pure sample of the heavier isotope of neon 
(atomic mass, 22) has been produced using apparatus 
depending on the gaseous diffusion principle. Isolation 
of deuterium (the hydrogen isotope of mass 2) in a pure 
state from a 10 per cent mixture with normal hydrogen 
has been achieved by this technique within about eight 
hours. Partial separations of carbon, nitrogen and 
chlorine isotopes have similarly been made. 

The preparation of U235 of 99 per cent purity from a 
mixture of uranium hexafluorides has been considered. 
Calculations have shown that, using a cascade system in 
which each stage has a reasonable enrichment factor, about 
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4,000 stages would be required and | 
that the ratio of the volume of the | 


final product to the volume of gases 
forced through the first barriers is of 
the order of 1:100,000. 


Thermal Diffusion 


A method for the separation of 
isotopes based on the phenomenon 
of thermal diffusion was introduced 
by K. Clusius and G. Dickel in 1938. 




















plest method yet devised and it is 
exceedingly effective in many cases. 
If a mixture of gases is confined ina 
vessel, different parts of which are 
maintained at different temperatures, 
then the relative proportions of the 
constituents of the mixture become 
changed slightly at the regions of 
different temperature. The heavier 
molecules become enriched at the 
cooler parts and the lighter mole- 








vessel. 
isotope separation became a 
method of great practical importance 
instead of merely an_ interesting 
theoretical possibility by the dis- 
covery of Clusius and Dickel that, 
in a system composed of two vertical 
parallel walls, one hot and the other cold, e.g. a hot 
wire inside a cooled glass tube, the convection currents 
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Fic. 16.—THERMAL DIFFUSION. The diagram 
shows the principle of separation by thermal diffusion 
coupled with convection effect. The full arrows 
represent convection currents; the broken arrows, 
the direction of thermal diffusion. The lighter atoms 
(indicated by small circles) trend towards the hotter 
surface; coupled with the convection effect, this leads 
to their concentration at the top of the column. The 
heavier atoms (black spots) trend towards the cold 
surface, and towards the bottom of the column. 
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THERMAL DIFFUSION UNITS 













































































THERMAL DIFFUSION 

Fic. 17 (above).—A cascade of four thermal diffu- 

sion units. Circulation of gases is maintained by 

means of electric heaters (H), three of which are repre- 

sented. The concentration of lighter atoms is greatest 

at A; of heavier atoms, at B. Fic. 18 (right).—A 

single laboratory-scale thermal diffusion unit. It 

consists of two 14-ft. glass tubes, one inside the other: 

through the centre of the inner tube runs a heated 

gold wire, which corresponds to the hot surface of 

Fig. 16. The light isotope becomes concentrated at 

the top of the column, where it can be collected, or 

passed to the next unit of a cascade. 
set up in the gas between the walls assist to a very 
marked degree the separation of the lighter from the 
heavier molecules. The thermal diffusion and thermal con- 
vection effects result in two counter-current streams of 
different concentrations in the two constituents, the two 
effects combining to give an increased concentration of 
the heavier constituent at the bottom and the light con- 
stituent at the top of the apparatus (Figs. 16, 18). 

Calculations based on results obtained with the gas 
xenon have shown that a thermal diffusion tube | metre 
long and 0-5 cm. in diameter with the central wire heated 
to 1200-1650 C. is equivalent, in so far as concentration 
is concerned, to twelve Hertz diffusion units. As is to be 
expected, the separation obtainable with a thermal diffu- 
sion column increases with its height, and, in order that 
greater efficiency should be attained without excessive 
constructional difficulties, a method of coupling together 
a number of shorter columns has been devised (Fig. 17). 

The first outstanding success of the method was an 
almost complete separation of the isotopes of chlorine, a 
problem which had defied solution for some twenty-five 
years. More recently, Clusius and Dickel have separated 
the more abundant isotopes of neon (with atomic masses, 
respectively, of 20 and 22) in a practically pure state and 
considerable enrichments have been reported of the rarer 
isotopes of hydrogen, oxygen, carbon, nitrogen and sulphur. 
In connection with work on the separation of uranium 
isotopes, a large-scale thermal diffusion plant was erected 
in the U.S.A. with the object of providing material enriched 
in U235 for feeding into the electromagnetic plant, thus 
greatly increasing the production rate of the latter. 

To a lesser degree the thermal diffusion technique has 
been applied to separations in liquid systems but the 
Process is slower than with gases. Certain advantages, 
however, appear to come from the use of liquids in place 


i 


| 
f 


of gases: a smaller column length is required (provided 
that the conditions are suitably chosen) and, because of 
the greater density of liquids, a larger bulk of material 
can be handled at one time. Another important point is 
that no pumping apparatus is necessary, this being an 
essential feature of gas columns. 





Distillation 


The use of distillation methods for the separation of 
substances with different boiling-points, i.e. different 
vapour pressures, has been common practice for a long 
time, but it is only recently that the development of elabor- 
ate fractionating columns has permitted the separation of 
materials possessing very similar vapour pressures. The 
purpose of a fractionating column is to produce an 
upward stream of vapour and a downward stream of 
liquid, the two streams being in intimate contact. In such 
a system there is a continual interchange of molecules 
between liquid and vapour, the molecules of the sub- 
stance possessing the lower boiling-point showing a rela- 
tively greater tendency to concentrate in the vapour 
stream, and vice versa. 

Such counter-current systems have been used to effect 
separations of the isotopes of certain elements, among 
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Fic. 19.—Professor H. C. Urey, co-discoverer of 
heavy hydrogen (deuterium), which occurs in. ordin- 
ary hydrogen in ratio of one part in 4000. In 1932 he 
and Washburn succeeded in partially separating 
‘heavy water” from ordinary water by prolonged 
electrolysis. For these researches he received the 
Nobel Prize in 1934. He has also investigated 
carbon and nitrogen isotopes; the recently developed 
large-scale process for producing Carbon 13 depends 
on a technique he originated. 


them being hydrogen, oxygen, neon, and carbon (in 
compounds such as methyl alcohol), although in the case 
of carbon very little success has been obtained. 

In general, owing to the very slight differences in 
the vapour pressures, the degree of separation produced 
by distillation is extremely small and only in very favour- 
able cases is the method of any practical importance. 
The fractional distillation of water has been studied, not 
only for the concentration of deuterium but-also for the 
separation of the heavier isotopes of oxygen. In fact, this 
was one of the two methods used for the production of 
the ‘“sheavy water’ required for use in connection with the 
atomic bomb project. 


Centrifugal Separation 


It is well known that when a heterogeneous fluid is 
subjected to a gravitational field, its heavier particles tend 
to concentrate in the direction of the field and, assuming 
no mixing, a certain amount of separation must occur. 
The employment of the enormous pseudo-gravitational 
field produced by a high-speed centrifuge for the resolu- 
tion of isotopic mixtures has produced encouraging 
results. 
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The type of centrifuge which has been developed success- 
fully in the U.S.A. makes use also of counter-current flow. 
A tall, cylindrical tube is rotated at a high speed, and vapour 
is caused to flow through the tube in a downward direc- 
tion in the outer part and in an upward direction in the 
axial region. There is a continuous diffusion of molecules 
across the boundary region (interface) between the two 
vapour streams but the radial force field of the centrifuge 
has a stronger action on the heavier molecules than on the 
lighter molecules. This leads to an increase in the con- 
centration of heavier molecules in the peripheral region 
and of lighter molecules in the axial region. 

An important factor in considering the efficiency of 
centrifugal methods is that the separation factor depends 
on the ratio of the masses of the molecules and not, as in 
diffusion methods, on the square roots of the masses. 
The magnitude of the engineering problems involved, 
however, makes the large-scale use of the method rather 
impracticable. As an example of the difficulties, the pro- 
duction of one kilogram of U235 per day was estimated 
to require a battery of 30,000 separately driven, extremely 
high-speed centrifuges, each three feet in length. (The 
volatile compound centrifuged here might be, for instance, 
the hexafluoride.) 


Chemical Exchange Methods 


Although, in general, their chemical properties are 
identical, the isotopes of an element may, in some measure, 


be separated by chemical methods, these methods making | 
use of the slight differences which are found in the isotopic | 


composition of two compounds which are in equilibrium. 

Concentrates of the less abundant isotopes of nitrogen 
(in 100 parts of ordinary “‘mixed”’ nitrogen there are only 
0-38 parts of the heavier isotope mass 15 as against 99-62 
parts of the isotope of mass 14) have been obtained by 
allowing ammonia gas to pass up a long column down 


which ammonium nitrate solution is trickling. The heavier | 
isotope concentrates in the solution and the lighter in the | 


gas, a value of 14-5 per cent of '°N having been reported. 
The process can be represented by the equation 


'°NH.(gas) - '4NH,NO,(solution) = '4NH,(gas)~ 
! NH,NO.(solution) 


Such a two-phase counter-current system is most effective 
in multiplying the very small differences in chemical 
properties and, to increase further the efficiency, some 
form of succession, or cascade, is normally employed. A 
similar technique is used for the enrichment of deuterium 
by exchange between hydrogen gas and water. 

Small changes in the isotopic composition of lithium, 
potassium and nitrogen have been obtained by allowing 


solutions of their compounds to percolate slowly through 


a 100-foot column of a sodium zeolite.* The replacement 
of sodium ions by the other cations occurs at different 
rates for different isotopes, and in an experiment with a 
lithium salt the solution first leaving the base of the 
column was richer in the heavier lithium isotope than 
the original solution. A second separation is possible by 
the reverse action, i.e. the replacement of the absorbed 
lithium tons by sodium tons. 


* Sodium alumino-silicate. 
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Electrolysis and Other Methods 


Although as far back as 1923 the possibility of isotope 
separation by electrolysis was considered, it was not until 
nine years later that the first proof of the practicability of the 
method was given. This came from the discovery that the 
water removed from commercial electrolytic cells used for 
the production of hydrogen and oxygen contained increased 
concentrations of deuterium. Since then the process has 
been used for the production of deuterium oxide (heavy 
water). With the possible exception of lithium, the method 
is of little or no use for the separation of the isotopes of 
other elements. In fact, calculations have led to the con- 
clusion that “‘reduction of the entire ocean by electrolysis 
to a residual cubic millimetre would less than double the 
concentration of the heavy isotopes of oxygen”’. 

Other methods of separation have been attempted but the 
separations obtained are generally so small that they are 
of little interest compared with those already described. 
Such methods include free evaporation, tonic migration 
through substances such as gelatine, fractional crystallisa- 
tion, fractional adsorption and photochemical action. 


Heavy Water 


Owing to the unique position occupied by the isotopes 
of hydrogen, it is perhaps worth while considering them 
ina littlke more detail than we have done so far. Vastly 
increased interest in deuterium (heavy hydrogen) ts largely 
due to its importance in work on atomic energy. 

So much has already been written on the subject of 
uranium fission that any lengthy discussion here would 
be superfluous; one or two points might be mentioned, 
however. The efficiency of the neutron fis$ion chain 
reaction depends largely on the energy of the bombarding 
neutrons, slow or thermal-velocity neutrons having a 
greater probability of causing fission in the U235 nucleus 
than fast ones. Those neutrons produced by the fission, 
however, possess high energy, and in order that the chain 
reaction shall be self-propagating it is necessary to 
moderate their speed. The process of moderation is merely 
one of elastic collision between the high-speed particles 
and particles practically at rest. Hydrogen, deuterium, 
beryllium and carbon were found to be the most effective 
moderators for neutrons, their atomic masses being com- 
parable with that of the neutron, and work was initiated in 
1941 on the large-scale production of deuterium oxide. 

Two methods were put into operation for the concen- 
tration of deuterium—fractional distillation of water and 
the hydrogen-water exchange reaction. The first of these 
follows the established technique, but, owing to the small 
difference in boiling-point between light and heavy water, 
and, as a result, the extensive distillation needed, it is very 
expensive. 

The exchange method is more economical (Fig. 20). 
It depends on the fact that when an exchange of deuterium 
between hydrogen gas and water is established with the 
aid of a catalyst, the concentration of deuterium in the 
Water is greater than that in the gas by a factor of about 
three. In the process, water is fed into the top of a tower 
and flows counter-currently to hydrogen and steam 


through beds of a catalyst. At the bottom of the tower the 
water is converted to hydrogen and oxygen in electrolytic 
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Fic. 20.—Diagram illustrating principle of exchange 
unit for producing heavy water. 


cells and the hydrogen is fed back, mixed with steam, 
to the bottom of the tower. Part of the deuterium origin- 
ally in the hydrogen concentrates in the steam and is 
transferred to the downflowing water. A cascade of 
towers is used in the actual plant, the size of the towers 
decreasing from the feed end to the output end. 

Such methods involving electrolysis, consuming as they 
do large quantities of electricity, are only economically 
practicable where a cheap supply of electricity is available. 
For this reason, most of the early production of heavy 
water was carried out in Norway. 


Preparation of Radioactive Isotopes 


The discovery of the neutron and development of the 
cyclotron have made possible the formation of radio- 
active isotopes of almost every element of the periodic 
table. There are, in general, several reactions possible for 
the preparation of a particular radioactive isotope: for 
example, radiophosphorus (*-P) may be obtained by any 
of the following reactions: 


16 | ol! sO inp ] H 
15? iP 

21 y a m oe l 
ist ;D 15 jH 

ar 32 

BC] + In ——_—- 2B: $He 
r . a 


where jn is a neutron, {D a deuteron, ;H a proton and 
‘He an alpha particle. 
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Uses of Isotopes 

Apart from the novel and somewhat specialised uses of 
isotopes in connection with the destruction of centres of 
population and adding to general international unrest, 
their major application at present ts in biological research. 
If some sort of “label” could be attached to physiological 
compounds by which they could be readily recognisable, 
such compounds could be followed through all their 
transformations, even in complex biological systems. The 
“label” must, obviously, be chemically inseparable and 
indistinguishable by the organism from the “unlabelled” 
substance and it must also be detectable in high dilution. 
Radioactive tsotopes fulfil these conditions almost per- 
fectly. Such isotopic tracers are now used to follow the 
course of many biological processes, the presence of these 
tracers in any organism or fluid being demonstrated by 
means of their radioactive behaviour. The determination 
of rate, place and sequence of formation of the organic 
constituents of the body, the permeability of cell walls, 
phosphorus metabolism, and the rate of lymph circulation 
are only a few of the problems that may be studied with 
the aid of tsotopic tracers. The medical implications of 
the production of radioactive isotopes comparable in 
activity to radium are great, and one can foresee the time 
when there will be no limit to the application of radio- 
active treatment. 

There is topical interest in the carbon isotopes as a 
result of the announcement last month that the isotope of 
carbon of mass 13 (norma! carbon ts 12) is going into 
production in the U.S.A. in relatively very large quantities 
of the order of a pound a month. Carbon 13 Is not radio- 
active, but the circulation of this element in the body can 
be traced by means of the mass spectrometer, and it 
promises to be important in the study of metabolic 
processes. The Times of January 4, 1946, published some 
further details about this large-scale production project. 

In the purely chemical field, applications are found 
the determination of the solubility of sparingly soluble 
materials and the measurement of rates of diffusion in 


solid systems. Phenomena at boundary surfaces and 
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intramolecular exchanges are brought within the scope 
of experimental study. 

| have tried in this article to trace the history of isotopes 
from the first discoveries of Soddy and Sir J. J. Thomson, 
through the years of painstaking and laborious work that 
went to the amassing of the great amount of data now 
available, to the present highly developed methods of 
separation. One phase of the subject, the examination of 
each element and the compilation of statistics can perhaps 
be said to be closed, but with regard to separation processes 
and the discovery of new uses there still remains ample 
scope for future work. If the advances of the last few 
years are pointers to the future, then we may confidently 
look forward to further important progress. 


READING LIST 


The following references may be usetul if the reader wishes to 
pursue further the study of isotopes, or to clarify and enlarge on 
any point in the article which may have aroused especial interest. 

Early experiments on the analysis of positive rays are described 
by Sir J. J. Thomson in Ravs of Positive Electricity and Their 
Application to Chemical Analysis. 

Accounts of the discovery of isotopy can be found in The /nter- 
pretation of the Atom by F. Soddy, as well as in Mass Spectra and 
Isotopes (2nd Edn.: 1942) by F. W. Aston. Aston’s book gives a 
general survey of the field and includes summaries of work on all 
Y? elements up to 1942: particular emphasis is laid on mass spectro- 
graphic technique. A note dealing with er re Spectrograph 
can be found in Discovery. May 1944 (Vol. 130). 

The nature of isotopes and their atomic do a are discussed 
by A. Stewart in Recent Advances in Physical and Inorganic Chem- 
istry (7th Edn... 1944) and here also are useful accounts of mass 
spectrography and the segregation of Isotopes. 

The theory and results of separation methods other than the 
electromagnetic method are given in some detail by H. C. Urey in 
Reports on Progress in Physics (1940. p. 48): the subject is treated 
rather less mathematically by O. J. Walker in the Annual Reports 
of the Chemical Society (1938), and by Urey in the Journal of 
ipplied Physics (1941. Vol. 12. p. 340.). Isotope separation as 
applied to the Atomic Bomb project ts discussed in the official 
U.S. publication 1 general account of the deve lopine nt of methods 
using atomic cnergy for multtary purposes under the auspices of the 
U.S. Government, by H. D. Smyth (published in 1945 in Britain 
by the Stationery Office). The tirst isolation of uranium isotopes 
is described by Nter. “gt Dunning and Grosse in Physica 
Reviews, (1940, Vol. 57. J . 546.) 

EF. Paneth deals with al ceatien Isotopes and their use as tracer 
elements in| Radio-clements as Indicators, and a summary of the 
uses Of Isotopes In many bri ng of science can be found tn 
Frontiers of Chemistry (1945. Nol. 3 
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In this century several countries. including our own. sent 
out large potato-collecting expeditions to Mexico and South 
America to get all the possible material that could be used 
in breeding ditsease-resistant types. In Britain, Germany, 
the U.S.A. and the U.S.S.R. work has progressed until we 
are at the threshold of obtaining new potatoes up to the 
best commercial standard and at the same time resistant 
to blight.” 

But there’s always a fly in the ointment. Recent studies 
show there ts not just one kind of blight fungus, but 
several kinds, or physiological races as they are called. 


Phese ure not vet on the market. 


(In appearance they are alike: physiologically they are 
different.) The Germans claim to have discovered up to 
ten and other workers on the question are even more 
pessimistic, believing that the virulence of the blight can 
be built up by growing it on hosts that are partially resis- 
fant. so that in the end it can attack potatoes that were at 
first quite immune. However, workers in this country 
incline to the physiological race view and base their work 
accordingly. In the hundred years following the great 
potato epidemic some steps forward have been made and 
we are on the threshold of controlling the disease by the 
utilisation of new potato varictics immune to it. 
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SEEDS AND CIVILISATION 

Seed cleaning ts, therefore. an important item and many 
different processes are necessary before placing the seeds 
on the retail market. One interesting discovery was made 
by a young girl employed at a seed cleaning factory, who 
simple solution to a problem that had worried 
It was difficult to separate 


found 
seedsmen for a long time. 


clover seed trom dodder seed with which it was invariably 
contaminated. She found that by mixing the impure seeds 
with iron filings and passing them through a powerful 
magnet, this retained the dodder seeds which collected 
filings in their hairs and the smooth clover seed passed 
on. 
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Paris’s Palace of Discovery 





ANDRE LEVEILLE (Secretary of Le Palais dela Découverte) 


To-DAY, after an epoch of destruction that has driven man 
from the true path of progress, it is fitting to turn one’s eyes 
to Paris’s Palace of Discovery. The sight of it is sufficient 
to give us hope for the future destinies of mankind. 
It is a symbol marking, in unmistakable fashion, the 
genius of man, glorifying his unselfish efforts in the service 
of true progress, and showing, as though through a half- 
opened door, the future which lies before him. And it is 
to the honour of France, and in accord with her traditions 
and her humanistic mission, that she was the first country 
to plan and execute such a work, a work with an entirely 
new conception and a new design. 

I say “entirely new” deliberately. There have been many 
science museums, but their nature has been static; their 


whole design stands in contrast to that of the Palace of 
No other body has ever set itself the task of 


Discovery. 
existing in a constant state of evolution, so that it may be 
able to demonstrate, as vividly as possible, the changing 
aspects of the day-by-day progress of scientific research. 
This is the aim of the Palace of Discovery. The enormous 
scope of its activities has served to popularise science, to 
make the Palace a link between the laboratories and the 
general public. It is an institute of advanced scientific 
training, yet which is open to everybody; it Is a new 
weapon forged in the service of scientific discovery. 


Social Impact of Science 


! am not using the word “‘popularise’ in any derogatory 
sense. There was no intention of vulgarising or cheapening 
science when it was proposed that the Palace of Discovery 
should show the masses the great victories of science, and 
keep them informed of its latest discoveries. The wishes, 
the half-hidden needs of the people were expressed in 1934, 
and to the Palace of Discovery fell the task of keeping that 
desire alive, and of extending the interest in scientific 
learning. And to it, as well, fell the more important task of 
nroving that science was not some unapproachable secret, 
an occult mystery hidden away in the scientist's laboratory, 
an abstraction which could be ignored because it did not 
touch people closely. As the spectators crowd the rooms 
of this “living exhibition’, they see and realise the power 
which science wields over every field of human activity: 
they can understand how its discoveries have. in the words 
of Jean Perrin, “enlarged our intelligence (with its geo- 
logical and astronomical discoveries), strengthened our 
hold over matter (with the discoveries in physics and in 
chemistry), and have increased our bodily security (by 
biological discoveries). Every day they can see, if they 


wish, a demonstration of these discoveries “by means of 
Striking but accurate experiments, given with the aid of 


modern apparatus’, while its temporary exhibitions show 
the development of science, and the relation of the part 
to the whole in scientific progress. 

| do not consider it presumption on my part to think 
that among the spectators who have gazed in fascinated 


wonder at these demonstrations, or whose sense of beauty 
and majesty has been stirred and awakened by the grandeur 
of this temple of science, there have been some who, but 
for this, would never have been conscious of their scientific 
vocation nor have found tke strength to pursue it. The 
Palace of Discovery may, perhaps, have saved some great 
scientist of the future from being lost to mankind. 

The fact that it is open to everybody sets its foundations 
firmly upon principles of humanity and generosity. To 
visit the Palace is of benefit even to those whose activities 
have taken them into different paths of life. | would say 
with Jean Perrin: “If you help the people to develop a 
taste for scientific learning. you help them as well to develop 
an appreciation of accurate thinking. of unbiased criticism 
and judgment, which will be of value to every man, no 
matter what his calling may be.” 

If we are to judge the Palace of Discovery by the interest 
which is taken in it, we must acknowledge its success. 
By September 30, 1945, it was estimated that 4,000,000 
people had visited it, in spite of the troubled years of 1942, 
1943 and 1944, when the Palace remained shut for long 
periods at a time. 

This deliberate policy of popularising science has in no 
way diminished science’s authority. The great International 
Assembly of the Palace of Discovery. which met in October 
1937 and which included sixty-tive representatives of foreign 
universities, and more than a thousand physicists, chemists, 
and biologists (among them eleven Nobel Prize winners), 
Was unanimous in its expression of admiration tor the 
Institution. 

Yet, at the same time, the Palace of Discovery aims at 
the encouragement of advanced scientific training. Every 
year, under the direction of the learned scientists who form 
its advisory committee. professors and lecturers prepare 
new demonstrations and experiments. Leading men in the 
scientific world also give series of lectures. There ts a 
reading-room and a library. Every year organised parties 
visit the Palace of Discovery: groups of schoolchildren 
accompanied by their teacher, and representatives of 
learned societies. 


Reflection of Science’s Internationalism 


| have emphasised the human side of this Institution 
with its ambition to bring the people into spiritual and 
intellectual contact with the greatest minds of the scientific 
world. But there is another side to the Palace, and one 
which is of equal value. Conceived. developed, and com- 
pleted by France, it is inevitable that the Institution should 
exhibit an internationalism, a universality, in keeping with 
the humanist traditions of our country. 

We see an expression of this internationalism in the 
tribute paid to the great experimenters. It is not only 
Lavoisier, Hatiy, Ampere, Arago, Fresnel, J. B. Dumas, 
Foucault, Pasteur, Berthelot, Lippmann, Moissan, Noel 
Bernard, who are honoured, but also Galileo, Newton, 
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Euler, Volta, Oersted, Faraday, Crookes, Mendel, Maxwell, 
Mendeleev, Hertz and Blakeslee. Foreign scientists as 
well as French scientists are invited to lecture. The 
1945-46 series of lectures, for instance, were opened by 
Julian Huxley, Paul Dirac, and J. G. Crowther. The 
temporary exhibitions are also an occasion for exchanging 
ideas and information with foreign countries. For the 
exhibition showing Stages in Human Progress and the 
Influence of Science on the Arts, the Wellcome Foundation 
loaned some ot its most valuable documents to the Palace. 
In 1938, the Carnegie Institute at Washington sent over 
an exhibition covering the latest discoveries in biology 
and astronomy. The great International Congress com- 
memorating the discovery of Hertzian waves and radium 
was held at the Palace in November of the same year. 
And in 1939, when France was invited to organise a scien- 
tific section at the New York International Exhibition, it 
was the Palace of Discovery which supervised the project. 


In the following year, the same Institution made itself 


responsible for a French medical exhibition in Tokyo, 
which led eventually to the formation of a French labora- 
tory for biological research in Japan. 


Foreign Interest 


Foreign countries have shown the greatest interest in 
the Palace of Discovery from the date of its foundation. 
Until the outbreak of war, the Palace was in constant 
touch with nearly every other country in the world. 
Inquiries came from governments far away, and commis- 
sions of inquiry were sent by states who wished to found 
similar institutions in their own countries. In 1939, Italy, 
Poland, Argentina, and Norway, all sent inquiries to the 


French Government on this subject. The importance of 


the Palace for France and for the world in general has 
become so widely recognised that it has been decided that 
it shall hold an official position among the scientific 
organisations of the country. At the moment, plans for a 
new building are under examination. In time, the Palace 
will have a home which will give it full scope for its normal 
activities, and opportunity to expand still further. 

Now for some details of its history. The building was 
finished in 1937 for the Exhibition of Arts and Technica! 
Subjects. But the original conception of such a building 
goes back to 1934, and ts the fruit of the ideas. of the 
great physicist Jean Perrin, a Nobel Prize winner, and a 
member of the Institute of France. With the support of 
Henry de Jouvenel, the collaboration of the greatest men of 
learning in France and the assistance of representatives 
from all the scientific organisations, Perrin made himself 
responsible for the execution of the plan. He and his 
associates had intended to make a permanent building of 
the Palace of Discovery, with an official position of its 
own, but it was not found possible to raise the necessary 
funds. Instead, the Palace was established on a temporary 
footing and was housed in the western part of the Palace 
of the Champs-Elysées. The building allotted to it 
was converted and decorated to leave an impression of 
grandeur and to show the visitor how the precision and 
exactness of Science could be transformed into pure 
beauty. 

The Palace opened with an exhibition of photography, 
which was an immediate success. It opened on May 24, 
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1937, and was visited by 13,000 people during its first week, 
By September 5, one million had visited it, and by October 
30, two million. When it closed in November, every 
important body in France had expressed its desire 
that the palace should reopen and remain open per- 
manently. 

Their wishes were fulfilled when the Palace reopened 
in June 1938; subsequently it became affiliated to the 
University of Paris. 

Besides some of the exhibitions which I have already 
mentioned, which have been held in collaboration with 
foreign countries, the Palace organised, in 1939, an exhibi- 
tion of animal biology, and another on sex. In 1940 it 
held another general biological exhibition as well as one 
on termites: in 1942, an exhibition devoted to modern 
experimental equipment, and in 1943 one to commemorate 
the second centenary of Lavoisier’s birth. A_ penicillin 
exhibition is now being held in which England, America, 
and the Pasteur Institute cooperated. 

During six months of the year, from November to June, 
weekly lectures are given at the Palace of Discovery by 
leading men of science. In its fifty rooms and laboratories, 
qualified demonstrators perform as many as four hundred 
scientific experiments for the visiting public or else act as 
commentators on the exhibits. Special tours of the Palace 
are arranged to suit the individual qualifications of 
visiting parties. In the Medical Section, commentaries in 
the form of lectures are given by hospital students. Young 
visitors are especially fascinated by the Biometry Room, 
where they are allowed to work the testing apparatus 
themselves. In one of the rooms of the Mathematical 
Section, two recreational problems are given each day to 
the visitors, with the answer on the following day. 

The Palace of Discovery is divided into sections; these 
are: Mathematics, Astronomy, Physics, Chemistry, Biology, 
Medicine, Surgery and Microbiology. 


Plans for Expansion 


As for the future development of the Palace of Discovery, 
it is proposed that the new building shall be on a very 
much larger scale, and shall cover an area of about seven 
acres. Internally there will be provision for a constant 
rearrangement of exhibits so as to preserve the living 
character of the Palace. 

We shall add a garden to the Palace which will fulfil 
many uses in connection with the displays. A large part 
of each section will be reserved for temporary exhibitions 
—exchange exhibitions with foreign countries, exhibitions 
given by the provincial faculties, and exhibitions of the 
latest scientific discoveries, with a demonstration of their 
possible application in various fields. 

In conclusion, the plans are elastic enough to permit 
additions to the palace to house future developments in 
science which we cannot yet foresee: in Jean Perrin’s words: 
A place is reserved for the gods as vet unknown. 

When so much of man’s intelligence and material 
resources have been devoted to the work of destruction, 
let us hope that this grand and noble design will mark 
the arrival of a new era, the time of rehabilitation promised 
by Pasteur, when he said: /t is my firm belief that science 
and peace will triumph over ignorance and war, and that 
people will combine, not to destroy, but to create. 
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How an African mosquito established a bridge- 
head in South America and caused one of the 
most terrible epidemics of malaria in history. 


Stowaway Insect caused 20,000 Deaths 





—_—_—— 


THE history of medicine is full of tales of battles—battles 
with microbes, insects, viruses, all the causes of disease. 
One of these—a recent one of great international sig- 
nificance-——is the story of the eradication from Brazil of 
the malaria-carrying mosquito, Anopheles gambiae, which 
was introduced from the West African port of Dakar to 
Natal, in Brazil, late in 1929 and early in 1930. How the 
tide of this invasion was eventually stemmed is told in the 
Rockefeller Foundation book, entitled Anopheles gambiae 
in Brazil, 1930-40, and written by F. L. Soper and D. C. 
Wilson. 

Establishing itself in the vicinity of Natal, the foreign 
mosquito spread slowly at first. Finding the three most 
important malarial parasites present in Brazil, it carried 
them among the unfortunate Brazilians, and the result 
was that, after two severe outbreaks of malaria in Natal 
in 1930 and 1931, followed by a latent period of seven 
years during which the mosquito extended its domain 
into the more favourable river valley regions of north- 
eastern Brazil, there flared up, in 1938, one of the most 
terrible epidemics of malaria in all history. 

Few threats to the health of the Americas have equalled 
this invasion. In the State of Rio Grande do Norte, about 
100,000 cases of malaria were known in July 1938 and 
some 14-20,000 people died. Economic life was disrupted 
and shortage of food added to the misery of the population. 
There was grave danger of the disease spreading to both 
North and South America from the Argentine to the 
southern United States. 

It has net been possible to prove conclusively how this 
mosquito came to Brazil, but most likely it came in one 
of the fast French destroyers called ‘‘avisos’’ which used to 
cross from Dakar to Natal in Brazil, in less than 100 
hours. carrying mail. In March 1930 it was found to be 
breeding in ‘‘a small overflowed, grassy field between the 
railway at Natal and the Potengi river’. The avisos 
anchored within a kilometre of this first breeding-place 
and they had come from an anchorage at Dakar, in Africa, 
which was also within easy range of this mosquito’s 
powers of flight from the shore. The avisos carried sealed 
Water tanks, so that it is unlikely that they brought mos- 
quito larvae in these. The possibility that the mosquitoes 
might have been brought across by aeroplane has been 
carefully investigated, but only three planes crossed from 
Africa to Natal before March 1930, and it is unlikely, the 
authors of this book think, that the mosquito came in 
any of these. 

At the time of its discovery in 1930 it was limited to a 
small area along the banks of the River Potengi, where the 
tidal flats had been converted by dykes into “freshwater 
hayfields”. It could have been wiped out then by the 
simple measure of opening all the dykes and flooding 
these fields with sea water, which would have killed all the 
larvae in Brazil. This measure was, in fact, proposed 
in 1930 and the following year, but vested interests pre- 
vented the local authorities from carrying it out. Their 


objections were not overruled until the catastrophic 
epidemic of 1938 compelled the opening of the dykes. 

Outbreaks of malaria occurred in the city of Natal in 
1930. Most families suffered and this epidemic continued 
throughout May and was so severe in the workers’ suburb 
of Alecrim that the Public Health Authorities had to 
supply food and medicine to the people. So many deaths 
occurred that the rumour arose that yellow fever had again 
broken out. By December 1930 it was found that the 
mosquito had extended its breeding range to cover an 
area of some six square kilometres. A second and far 
more serious outbreak of malaria occurred in Natal in the 
following January. Some 10,000 cases then occurred in 
the population of 12,000 in the Alecrim suburb. The work 
of public services, and even that of the Yellow Fever 
Service, was severely hampered because their employees 
went down with the sickness. Within a few weeks the local 
Government had to appeal to the Federal Government for 
help. The co-operative Yellow Fever Service maintained 
by the Brazilian Ministry of Education and Health and 
the Rockefeller Foundation was asked to deal with the 
epidemic. So energetic were the control measures taken that 
it was possible to announce in April 1932 that the mosquito 
had been eradicated from the city of Natal. 


Invasion of the Interior 


Meanwhile, however, the mosquito had succeeded in 
spreading beyond Natal to the relatively inhospitable 
interior of the state of Rio Grande do Norte. From 
thence it spread, probably by means of coastal sailing 
ships and overland by trains and motor cars travelling 
from Natal to Fortaleza, to the regions more favourable 
to it farther north in the valley of the rivers Assu and 
Apodi. An especially favourable environment was pro- 
vided by the larger valley of the river Jaguaribe in the 
State of Ceara: there it found pools and shallow ponds 
along the river and a dense population on whose blood 
it could feed. Here also, in the new regions invaded, it 
found a population already weakened by poverty and 
malnutrition. It had also spread to regfons in which 
malaria was not known, so that many people had no 
resistance to the disease. 

This insidious infiltration went on from 1932 to 1937. 
The year 1931 had been a year of drought, with all its 
attendant misery for the population, and the Government 
had been kept too busy to attend to the requests that the 
mosquito should be attacked at once. Then in 1938 the 
States of Rio Grande do Norte and Ceara were attacked 
by “terrific outbreaks of malaria with a high fatality rate”. 
These outbreaks were not so extensive as some outbreaks 
of malaria have been, but they were quite as severe as 
any that have ever occurred anywhere. The Gazeta de 
Noticias reported on April 11, 1940, that the general belief 
was that the north-east would be depopulated, because 
those who did not die at once would abandon that area. 
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Foundation and it was called 
the Malaria Service of the 
North-east. The account of 
its campaign reads like the 
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detailed history of war upon 
a determined and _ prolific 
underground enemy — and 
this indeed it was. Not only 
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Soon afier the mosquito’s arrival from Africa, malaria flared up in Natal. 
could be exterminated there. it had spread—by ship and along roads and railways—so 
that, after an apparent luil of seven vears in which the insect made itself inconspicuous 
and no serious outbreak of malaria was reported, it came to occupy the area shaded. 
Then followed one of history's most terrible malaria epidemics. 


The people had no money with which to buy medicine and 
malnutrition weakened their resistance to disease and added 
to their misery. Everyone was ill and the mortality was 
appalling. Economic life was disrupted and malaria took 
toll of whole families who were starving. In June 1938 
some 200,000 people were ill in Rio Grande do Norte. 
In July 1938 there were 32,000 cases of malaria in the 
Assu Valley, with a mortality of 10 per cent. In the Lower 
Jaguaribe valley the situation was as grave, if not worse. 
Medicine gave out; shortage of food increased the suffering 
and weakened resistance; incessant rains turned the valley 
into an immense lake. By June 1938 practically the whole 
population was infected. People who could flee from the 
district did so; the poorer families fled to other areas just 
ahead of the mosquito’s advances. Many of them took 
with them the parasite in their blood, so that they paved 
the way for epidemics in the new era when the mosquito 
arrived in these. The situation became so grave that 
travellers and other business men refused to visit the 
districts affected and the State Government remitted taxes. 
On the first day on which no death was recorded, a special 
Mass was held. It was estimated that, between April and 
October of that year, some 100,000 people had been 
infected and that 20,000 had died. Practically everyone 
in the area was wearing black in mourning for lost relatives. 

This terrible outbreak, which was one of the worst in 
the history of malaria, resulted in the formation, in 1938-39, 
of the organisation whose brilliant campaign against the 
mosquito succeeded, against the predictions of more than 
one experienced authority, in eradicating this mosquito 
from Brazil in less than two years. This organisation was 
set up by the Government of Brazil and the Rockefeller 


helped. Attacks on the larvae 
in the water in which they live 
were much more effective; 
Paris Green was found to be 
the most effective weapon. 
Ample proof was obtained 
that these anti-larval measures could by themselves eradt- 
cate the mosquito. 
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Other commonly used methods such as drainage, | 
spreading oil on the water surface to cut off the air supply 
to the larvae, populating the water with fish that eat the 
larvae, and so on, were all discarded for various reasons. 

By these methods the invader was beaten back. Its 
retreat was rapid. The last Brazilian-born mosquito was 
recorded on November 9, 1940; the last larvae on November | 
14, 1940. In 1941, no single native-born Anopheles gambia 
could be found in Brazil and no malaria transmitted by tt 
could be discovered. The heavy rates of malaria infection 
noted in 1939 had been reduced in 1940 and had almost 
disappeared in 1941, in both urban and rural areas. 
Throughout 1942, the search for the mosquito continued, 
but none was found. In June of that year the Malaria 
Service of the North-east was disbanded. In 1939 it had 
been given about 500,000 United States dollars for its 
work and in the first six months of 1940, 625,000 dollars. 
But its war on the mosquito had been brilliantly won and 
thousands of lives had been saved. 
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Old Ideas of Quarantine Obsolete 


The authors were thus able to claim, when they wrote 
this book, that it was reasonably safe to say that this 
mosquito no longer existed in the area in which it former! 
wrought such havoc. They had, however, the caution o! 
experienced scientific men. Some hidden focus in whic 
the mosquito persisted might, they agreed, still exist 
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The Scientific Interests of Children 





R. RALLISON, M.Sc., M.Ed. 


Sir Lawrence Bragg has estimated that only one first-class 
physicist suitable for top-rank research can be looked for 
per million of the rising generation. Hence the educational 
need of a scholarship system that will operate like a 
“drag-net’’ through all types of schools and ensure that 
even one potential Faraday is not lost to the national 
wealth, especially as there is general agreement, even in 
political circles, that the brains and outlook of the scientist 


form the only basis on which to base our expectations of 


wealth in the coming New Age. Professor Bernal and 
others have pointed out a complementary factor in con- 
sidering our scientific future. Much modern research can 
be carried out competently by those who psychologically 
do not fit into Bragg’s category of “‘first-class”. Bernal 
stresses the need to develop mentally this type of “‘com- 
plementary” personnel, as well as the “élite” type, by 
suitable scientific education. 

The trouble begins to arise when we get down to the 
problem of providing a suitable scientific education for our 
children. Despite the growth of the movement to teach 
what is called General Science and so prevent premature 
specialisation in separate sciences like Chemistry, Physics 
or Botany, there is much dislike of General Science among 
science teachers. In some quarters there is already a 
tendency to revert to the more specialised separate sciences. 
This is especially noticed when courses are considered 
prior to the School Certificate level. It is felt by many 
science masters that those going on in the Sixth form to 
specialise in Chemistry, Physics or other special sciences 
(Bragg’s elite being among them!) should not do General 
Science in their School Certificate but should start laying 
their foundations of study and experience in the special 
subject. On the other hand, science masters with this 
outlook often regard General Science as suitable fare for 
the type for whom Bernal has expressed concern. 

In an attempt to reconcile some of these difficulties, a 
number of investigations have been carried out so as to 
approach the problem of a suitable science training not 
from the adult end but from the other end. They aim to 
find out “How does the child in his own interests and 
attitudes measure up as a potential scientist?” In a 
scientific approach to the problem the first thing to decide 
is, “Are children interested in Science?” In an investiga- 
tion carried on for over four years using finally over 
3,500 children, | was able to answer this question with an 
emphatic “Yes”. The interests of children are surprisingly 


| Scientific; if they are properly nourished and directed, we 
_ Need have no fear of our scientific future. 


Before giving the results of this investigation, a few 
details of the method used may be of interest. The follow- 
ing instructions were cyclostyled and sent by post to a 
large number of schools in Newcastle-upon-Tyne, and a 
large number in rural areas for comparison. 


1. Give each child a clean sheet of paper. 
5 ~ . . , 
-. Repeat the following: (a) If vou are a boy, write BOY at the 


‘op of your paper: (4) If you are a girl, write GIRL at the top of 


your paper: (c) Write alongside this your age. 


3. Read this slowly TWICE: 


You are coming to school to learn all kinds of things. I am not 
certain you are being taught the things YOU want to know. TI 
want to find out all the things boys and girls really want to know. 
So write down whenever you have any spare time, either in school 
or at home, all the things vou wonld like to know. You can write 
down ANYTHING and EVERYTHING. 

You have a week in which to write things down on paper; trv to 
write some every day. Remember it is not fair to ask anvone else 
about this. I only want to find out what vou would like to know. 


As a result of this procedure, 1,659 boys produced 
18,049 questions which would require a knowledge and 
training in Science for an adequate answer; only 4,931 of 
their questions involved other fields of knowledge. The 
heavy preponderance of scientific interests is thus evident. 

Among the girls, a well-marked interest in science was 
revealed but it seemed to be less intense than with boys. 
The figures to support this are: 1,855 girls asked 9,371 
questions for which the explanation came within the 
field of science, and 12,333 questions which needed 
knowledge not drawn from the region of science to afford 
a solution. 

The data assembled was further analysed by splitting it 
into groups based on age and environment. On the basis 
of the results obtained to show the relative numbers of 
questions collected in the scientific and non-scientific 
fields, the pictograms of Fig. | show the distribution of 
interests between the scientific and non-scientific fields 
of knowledge. 

Inferences made from a study of these pictograms are: 

(i) Age has little effect on the sharing of interest 
between Science and other subjects. 

(11) Environment seems to have a much greater influence 
on the distribution of boys’ interests between the 
scientific and non-scientific fields than is evident 
with girls: city boys have the greatest proportion 
of interests in science. Girls from all types of environ- 
ment are remarkably similar in the constancy of 
their interests, tending mainly towards the non- 
scientific. Evidently environment has a much more 
potent effect on boys’ interests than girls. The sight 
of power stations, and the wealth of technical inven- 
tions in cities must have a tremendous impact on 
the boy-mind. The educational implication of the 
fact that girls’ interests tend much more towards 
the non-scientific seems to throw some doubt on the 
growing practice of teaching science to boys and 
girls together in the same class. A differing treat- 
ment is rather indicated; as will be seen later, they 
are interested in the same sciences but each sex 
should have a mode of treatment making allowance 
for the relative “scientificness’” of the boy-mind 
and girl-mind. 


In Which Sciences are Children Interested ? 


To get some idea of the “balance” of the interests of 
children between the numerous special branches of science, 
the original data was regrouped to tind the number of 








GIRLS 


City 





11 + years 12> 


Township 





Village 





« rir 


11 ~ years 12> 
FIG. 1. 
living in different environments. 
subjects, and the remainder, interest in scientific subjects. 


times children in the various age-groups asked questions 
which could be included in a science-branch like Chemistry, 
Mechanics, etc. Thus the 1! —~ group of city boys asked 
859 questions with a biological significance out of a total 
of 4,121 questions, or 21 per cent of the whole range of 
interests could be regarded as centring on Biology. From 
similar sets of raw scores for questions from each type of 
environment dealing with electricity, light, etc., it was 
possible to calculate the percentage distribution of 
scientific interests with reference to the different science- 
branches. Fig. 2 summarises in pictorial form the results 
obtained. Inferences made from the examination of these 
patterns are: 


(i) Four science-branches dominate the interests of 
both sexes, viz., biology, chemistry, mechanics and 
electricity. 


(ii) Boys and girls are interested in the same sciences. 

(iii) The character of the kind of science they are 
interested in seems to depend to some extent on 
the environment, particularly with rural children 

(iv) City and township children seem to possess a 
rather more widespread interest in a larger number 
of sciences than rural children; rural children seem 
to compensate for this by a more concentrated 
interest in fewer science-branches. 


It is felt in many quarters to-day that the balance 
between the sciences in the adult world is not altogether 
happy. The character of modern civilisation tends to 
throw up an abundance of potential physicists and 
chemists, whereas biology—perhaps medicine, too—may 
prove relatively less attractive. In particular, the social 
sciences with a multitude of important problems to solve 
if our civilisation is to remain healthy have few practi- 
tioners, and their prospect of being staffed adequately is 
not too bright. 


Yet the inference from the patterns of 
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interest-distribution of our children reveals that the balance | 
we so desire with the biological side of science playing its | 


own part to ward off the threatened era of the Techno- 
crats, actually exists in our children, de novo. If this 
balance is being destroyed, we must re-examine the educa- 
tion we are giving and the type of life we cause our children 


to live, to see what and how the balance is destroyed. I! | 


seems to be on these grounds that the advocates of 1 
proper treatment of Biological studies are waging 4 
campaign that is socially and nationally necessary. 


The Most Interesting Topics 

It has been proved that 
forecast what he is going to learn.” 
to apply this by using the questions about scientific topics | 
that naturally occur to children a selection is now to | 
be given of the more typical questions. Science is to be | 
approached psychologically rather than logically. This 
means that the given interests revealed by children’! 
questions form the starting-points of problems. These are 
followed up and solved, as far as possible at the child’ 
stage of development, by the relevant experimental tech- 
nique or some other form of investigation by means 0! 
reference books, text-books, visits to museums, film shows. 
etc., so that the child gains gradually the scientific attitude 
towards problem-solving. Lest a critic feels that such an 
approach would lead to a lack of coherence, unity and 
continuity in the syllabus resulting, it should be pointed 
out that while the questions used as “‘starting-points 
for problems may seem unconnected, coherence can eas!!! 
be secured by arranging the basic science underlying th 
questions in a logical manner. Hence it is possible to ha\ 
a psychological approach and yet maintain a_ logic? 
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tic. 2.—How the pattern of scientific interests varies. 
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columns making up each pattern represents the degree of interest shown for a particular branch of science: 
from left to right, the columns correspond to interest in Biology, Electricity, Chemistry, Mechanics, Light, 
Astronomy, Heat, General Science, Geology, Sound and Magnetism respectively. 


an obvious logical substratum of basic science, there is no 
reason why the syllabus-framer should not incorporate his 
own “bridges” to effect the continuity he desires. While 
it seems a desirable aim psychologically to “try to teach 
a child the things he wants to know’, there is no reason 
why sometimes he may not be trained to solve problems 
that have not been particularly originated by the child-mind. 
The essential point is that child-originated problem- 
questions should be the foundation on which the edifice 
of Science is erected. Here are such questions which were 
found to be outstanding in arousing the curiosity of all 
senior children (boys and girls) in all the environments 
used. 

BIOLOGY: THE HUMAN BODY: How does 
grow’; how do we breathe?; how do eves work? 

ANIMALS: How do fish breathe?; how do fish swim?; 
how do hens make eggs?; how do birds flv?; how is chalk 
made?; about worms; about insects; about wild animals. 

PLANTS: Why are flowers scented?; why are flowers 
coloured? ; how do trees grow? 

ELECTRICITY: How does wireless work?; how does the 
telephone work?; what causes thunder and lightning?; about 
electricity. 

CHEMISTRY: How is paper made?; why is the sea 
saltv?; how does a fire burn?; how is ink made?; how is 
glass made?; how is coal gas made? 

MECHANICS: How does an aeroplane fiv?; how do 
clocks work?; how does a bicycle work?; how does a Steel 
Ship float? 

LIGHT: Why do glasses magnifyv?; how does a camera 


hair 


work?; how does a cinematograph work?‘ why is the sky 
hblue?; how does television work? 

ASTRONOMY : What are stars?; about the sun. 

HEAT: How ts rain caused?; how does water freeze? 
how does steam work an engine?; how does a motor car 
work? 

GEOLOGY: 
earth made? 

SOUND: How does the gramophone work?; how does 
the piano work? 

MAGNETISM: Why does a compass point north? 

GENERAL SCIENCE: About science and scientists. 


The above list gives 46 main centres of interest in the 
held of science of use with children everywhere. In addi- 
tion there are a number of interests confined to a par- 
ticular environment, e.g. city children ask, “‘How does a 
tram-car work?” There are also interests confined to a 
particular sex, e.g. girls want to know, “What is the 
difference between a boy and a girl?” while boys want to 
know, “How is dynamite made?” Finally come a consider- 
able body of interests that are characteristic of particular 
ages; thus 13-year-old boys want to know ““How the mould 
gets on cheese?” and 13-year-old girls want to know ““How 
many volts of electricity kill?” Altogether, including the 
given questions, a total number of 170 main topics were 
found to be of sufficient interest to children to absorb 
48 per cent of their total questions. The remaining 52 
per cent of their scientific questions were scattered over 
a further 412 miscellaneous scientific topics. 


What causes earthquakes?; how was the 








54 
What Arouses a Child’s Interest ? 


In some quarters fear is expressed as to the chances of 
children becoming interested in science in the future. It is 
felt that there is a growing aridity about the science books 
children get hold of—perhaps because ultra specialisation 
has led to a decline in popularisation (it is hard to find 
present-day equals to Tyndall, for instance). In particular, 
how are we going to get round the sterilisation of appeal 
that has arisen as a result of the intensification of scientific 
specialisation, an intensification which is unlikely to abate? 

When the interests of children of the present are exam- 
ined from the angle of what is going on in their minds to 
cause their questions to be generated, it seems we have 
little need to fear any supposed decline in popularisation by 
books and other media. It is reasonable to assume that 
the same innate factors in future children will operate 
in their minds as now. H.R. V. Ball has pointed out some 
of these innate factors in his investigation of Children’s 
Interests and Experiences in Relation to Science. He says, 
‘children’s interests . . . lean towards the more sensa- 
tional facts. It is caught by the big, unique facts of nature 
.. . by things and events that are impressive or dangerous 
.. . by things that change abruptly or move suddenly 
by the invisible or intangible . . . by colour and colour 
changes . by properties that contradict or appear to 
contradict his experience. beliefs or naive assumptions 
about nature.” Ball points out that curiosity normally 
arises when striking new facts are seen to contradict 
old knowledge or experience. We can reasonably expect 
many striking new facts in the coming 25 years which will 
stimulate the curiosity and direct the interests of the rising 
generations. As Ball has shown, the problem ts not how to 
arouse Curiosity, the parent of explanatory science, but how 
to keep it alive under the special conditions of school life, 
to prevent it being stifled under the weight of second-hand 
fact,and if possible, to give it some direct outlet and training. 

If we want both the Bragg “éelite’’ Scientist and the Bernal 
“complement” to him as a result of our educational 
guidance, these rules should be useful. 


February, 1946 DISCOVERY 


1. Start with the child’s own interests which must be 
nourished and directed towards the essential basic science 
necessary for their full fruition. 

2. The methods used in working out this full fruition 
of interests must give example and experience of problem- 
solving on the lines of scientific method appropriate to the 
stage of mental development of the child. 

3. Curiosity should be stimulated by getting the child 
to generate problems relevant to the work in hand yet 
prompted by his sense of the sensational or the contra- 
dictory. In particular, the social implications of his science 
problems should arise from the contrast between ‘What 
is’ and “What might be”. 

4. The only difference in method necessary between 
treatment of topics for the future “élite” 
“complementary” scientists will lie in the depth of the 
mathematical, or other form of abstraction and symbolism 
necessary. The ‘élite’ will have to go to the limits of 
specialisation in this respect. Those intending to be “‘com- 
plementary scientists can be trained on the same basic 
topics but using a concrete, practical, realistic approach. 


The “élite’’ will need experience of the type of training | 


for the “complementary” scientists in addition to their 


own special metier: hence training and guiding the “élite” | 


must be regarded as a formidable task in view of the 
potentialities of science. Yet this is essential if we are to 
secure the thorough integration of Pure and Applied 
Science, of Theory and Practice that the era now starting 
seems to demand. Remember this era starts with the 
Atomic Bomb, the greatest example yet of the marriage of 
pure and applied science: the right scientific education 
can play a decisive part in directing this marriage into 
channels which can place civilisation on a plane far higher 
than this planet has yet achieved. 
RERERENCES. 
Scientific Interests of Senior Children, Brit. Journ. Educ. Psych. 
June 1939. | . | 
Children’s Interests and Experiences in Relation to Science, Schoo! 
Science Review, March 1936. . 
Pupils’ Interests and the Teaching of Science, School Science Review 
1940. 





STOWAWAY INSECT CAUSES 20,000 DEATHS — continued from p. 49 


Atrica. The great danger of this was revealed by the search 
of aeroplanes and ships arriving in Brazil. Both ships and 
planes are fumigated and the water-containers of ships 
must be mosquito-proot. But it is no easy matter to 
destroy all the insects that may be lurking in a large 
modern plane, which ts often sealed to maintain a constant 
air pressure within it and offers excellent conditions for 
insect life. It is not altogether surprising, therefore, that, 
in planes arriving at Natal in the first quarter of 1942, a 
total of 1.493 insects of various kinds were found. Among 
these were six specimens of A. gambiae. The Rockefeller 
Foundation’s Annual Report for 1943 tells us that, since 
then, more of these mosquitoes were coming from Accra 
and Dakar in Africa to Natal, some of which were alive. 
Worse still, five of the insects were found in dwellings near 


the Natal airport—this, in spite of the fumigation of 


the planes before they left Africa and again when they 
arrived at Natal. When it is realised that a single fertilised 
female A. gambiae could initiate a catastrophe similar to 


that outlined above, the danger of the Americas Is apparent. 
The situation is, for the present, well in hand, but as the 
Report says, the safety of the Western Hemisphere can no 
longer be “left to the uncertainties of a flit-gun campaign” 
against the mosquitoes. Airplane travel has rendered the 
older ideas of quarantine obsolete. The mosquito must 
be attacked wherever it exists and an offensive against it 
must be carried into Africa. 
same species of mosquito is now being vigorously attacked 


in Egypt, by the same men who eradicated it from Brazil. 


Campaigns against other species are either being prepared 
or are in Operation against other malaria-carrying species 
in Ceylon, the West Indies, Malaya and elsewhere. The 
same kind of offensive is being carried on against the 
insect carriers of other serious diseases of man, such as 
bubonic plague, typhus and yellow fever. 

It is likely that the new insecticides, such as DDT, willhelp 
the world in this essential task. But no insecticide will be of 
any use without eternal vigilance as well. G. LAPAGE 
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Seeds and Civilisation 





GORDON HASKELL, B.Sc., F.R.H.S. 


PRESERVED Seeds are of great interest in providing evidence 
about the past. In the gas-proof shell of a seed the young 
plant lies in a state of arrested development awaiting suit- 
able conditions for germination, but when these are lacking 
the seeds gradually become buried by further plant remains, 
such as twigs, leaves and more seeds, until they eventually 
become preserved and perhaps fossilised. They are thus 
excellent indicators of former climatic conditions, of the 
habits of former plants and their affinities with contem- 
porary floras. 

For example, in the London Clay Flora of the Tertiary 
period, which is found in the London basin and elsewhere, 
E. N. Reid and M. E. J. Chandler discovered that fruits 
and seeds, partially preserved in pyrites, revealed a con- 
siderable amount of structure when split open. They 
concluded that the London flora of this era was mainly 
that of a tropical rain-forest, like that of the present-day 
Indo-Malayan flora. 

Relics of prehistoric civilisations sometimes occur in peat 
of the Quaternary period and preserved seeds afford some 
evidence of early man’s activities. In Palaeolithic* societies, 
the women and children collected wild fruits, nuts and 
roots while the men hunted, as in a few backward societies 
of present-day Malaya and Central Africa. Primitive man 
could only have learnt what fruits and seeds were whole- 
some by trial and error: presumably they gained some 
guidance from watching other what animals ate. (During 
the recent world conflict, U.S. War Department advised 
soldiers in the Pacific war zone, should they lose themselves, 
to observe what wild fruits and seeds monkeys ate and to 
feed upon these—just as early man did. Feeding habits of 
birds are not such a safe guide, some seeds which they eat 
being harmful to man.) 


The First Farmers 


Probably Palaeolithic woman had learnt to collect 
the seeds of wild grasses ancestral to wheat and barley, 
plants which played such an important role in laying the 
foundations of civilisation. From this followed the first 
Stage in the neolithic revolution. Man took one of the 
most important steps in the whole of his history when he 
began deliberately to sow these seeds in suitable soil. 
This initial step in agriculture had very far-reaching social 
effects. The trend was now away from the nomadic kind 
of existence and towards a more settled life. 

West of the Nile, small neolothic communities made 
Straw-lined pits which they filled with grain of emmer 
Wheat and barley. These grains were definitely of culti- 
vated varieties, many stages removed from wild grass 
seeds. Besides, barley from the Fayum district of the Nile 
is almost identical with the grain now cultivated by back- 
ward North African tribes. 


* The older Stone Age, characterised by rough stone implements 
that were made by types of man now extinct, is known as the 
Palaeolithic Period. The later portion of the Stone Age, in which 
the stone implements were well-finished and polished, is known as 
the Neolithic Period. 


Prof. Otto Heer’s investigations of Swiss lake dwellings 
have shown the value of preserved seeds in elucidating 
archaeological researches. From the seeds which have 
been found we know that dwellers in these pile-works 
ate, besides flesh, wild fruits and corn. The term “‘corn”’ 
here is used meaning seeds of cereal grasses; the corn 
found in the Swiss lake dwellings include three varieties 
of wheat, two kinds of barley and also millet, which, like 
wheat, was only used for making bread. Stones of the wild 
plum and bird cherry (Prunus padus) have been found, and 
also seeds of vine, raspberry and blackberry. Husks of 
hazel and beech nuts occur plentifully in the mud, and 
sometimes strawberry seeds. Peas were also found, and 
the evidence shows that beans were first used by these 
people in the Bronze Age. Seeds also indicate that in the 
Later Stone Age the inhabitants of Mooseedorf and 
Robenhausen lake dwellings used the water chestnut 
(Trapa natans) as food. All these seeds and fruits were 
smaller than those of existing varieties. 

Now, when neolithic man came to Britain from the 
south, he brought with him corn and flax seeds. Weed 
seeds naturally contaminated his grain owing to his lack of 
efficient cleaning methods at seed harvesting. Fumitory 
(Fumaria officinalis), spurrey (Spergula arvensis), corn 
marigold (CArysanthemum segetum), sun spurge (Euphorbia 
Helioscopia), fools parsley (Aethusa Cynapium) and 
knapweed (Centaurea Cyanus) first occur as seeds in 
neolithic sites and, according to Clement Reid, were there- 
fore introduced by neolithic man. These weeds are all 
rather southern in their distribution and occur wild in 
North Europe only as cornfield weeds. Similarly, a campion 
(Silene cretica) from South Europe must have been intro- 
duced accidently as a weed seed with cereals brought into 
Switzerland during migrations to the lake sites. 

As prehistory passes into history we can gleam inter- 
esting scraps of information. Contents of the stomachs of 
mummies in an ancient Egyptian cemetery at Naga-ed-der 
included the husks of barley and millet, showing these 
were used as food a very long time ago. Tutankhamen 
was buried with a string of mandrake seeds around his 
neck, suggesting that the Egyptians considered this plant 
had magical properties, a belief which grew up in other 
parts of the globe later. Sir Leonard Woolley discovered 
sickles made of baked clay at Ur of the Chaldees, giving 
us an insight into the manner in which the inhabitants of 
the Tigris and Euphrates region harvested their grain. 


Seeds 240 years old 


Wheat grains never survive for more than sixteen years 
—in spite of the fraudulent stories which still circulate 
about living seeds taken from the granaries of Herculaneum 
and Egyptian tombs. These hoaxes fall into the same cate- 
gory as that concerning peas from the Pyramids, and the 
two raspberry plants which grew in the Oxford Botanic 
Gardens and which were said to have been reared from 
seeds found along with the skeleton of a man contained in 





a Dorsetshire barrow; had that been their origin. the rasp- 
berry seeds had been viable since the period of the ancient 
Britons, which ts extremely unlikely. 

There have been many interesting experiments to find 
out what is the longest time for which seeds retain their 


vitality. In 1907 P. Becquerel tested seeds, up to 135 years 
old, that had been stored in the herbarium of the Natural 
History Museum in Paris. He showed that, by and large, 
the legume family has the longest-lived seeds. He found 
that seeds of Cassia bicapsularis still germinated even 
though they were 87 years old. More recently some unex- 


pected facts came to light after the Botany Department of 


the Natural History Museum at South Kensington was 
burnt during an air raid in September 1940. 
Albizzia Julibrissin, collected during Sir George Staunton’s 
mission to China in 1793, had become damp and when 
examined in the following November were found to have 
germinated. These Albizzia seeds had therefore retained 
their vitality for 147 years. The seedlings were afterwards 
planted at Chelsea Physic Gardens. 

At a meeting of the Linnean Society in 1940, Dr. J. 
Ramsbottom exhibited some lotus (Nelumbium) seedlings 
grown from seeds found in the prehistoric peat bed in the 
Pulantien Basin, South Manchuria, and also one grown 
froma seed taken from the Sloane Collection, and estimated 
to be at least 240 years old. The seeds of Ne/umbium there- 
fore hold the record for longevity. 


Dispersal by man 
Many interesting discoveries have been made in different 
regions of the world using preserved seeds as guides to 


Seeds of 





A rock picture sheds light on the distribution of a see. 
The ip eed home of pod corn (a cob is seen on the lefi yo 
Fig. 1, alongside ordinary maize) was in S. America. Rock 
feed of the hunch-backed flute player (Fig. 2) are com- 
mon in N. America, especially in Glen Canyon of the 
Colorado, and ancient ears of pod corn have also been found 
in their vicinity. Modern counterpart of the flute-playing 
medicine man pictured on the rocks is the Quichua Indian; 
comparison of Figs. 2 and 3 show the flute and blanket-pack 
they have in common. Among the herbal remedies carried by 
the Quichuas is pod corn, which is supposed to cure tuber- 
culosis, asthma and bronchitis, and the spread of this unusual 
type of maize to all parts of the Americas has been attributed 
to the nomadic Indians. 





more recent civilisations. G. W. Hendry was able to study | 


the agricultural history of the south-western American 
states by examining adobe bricks. He took these bricks 
(which were unburnt, the clay having been hardened by sun- 
drying) from the walls of old buildings, such ds missions, 
whose construction dates are known. In most instances the 
seeds are fairly well preserved and can be correctly identt- 
fied. These studies have shown that from 1769 to 1834, 
during the Spanish or Mission period, there is evidence 
that European settlers introduced many important alien 
plants into northern California. The common foxtail 
(Hordeum murinum), black mustard (Brassica nigra) and 
creeping buttercup (Ranunculus repens), among other plants 
now widespread in California, were introduced by them. 

Rock pictures of “hunch-back™ flute players, drawn 
about A.D. 1000 to 1300 occur in the south-western 
United States. Ears of tunicate maize have been found 
near some of these pictures. As Indians of the Andean 
highlands use tunicate maize and ears with two grains in 
each spikelet as remedies, H. C. Cutler believes it is 
possible that the flute playing and herb-vending Indians 
from Bolivia had brought these types of maize to North 
America during their wanderings. (Figs. |-3.) 

The scanty clothes of neolithic man were probabl 
made of coarse animal fur and hence would offer good 
anchorage to seeds adapted for animal dispersal. Because 
of his extensive wanderings, primitive man was therefore 
an important agent unconsciously transporting plants ove! 
what would normally have been natural barriers to them. 
We might have here the clue to the presence of a Portuguese 
element in the Irish flora. 
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This unconscious carrying of plants by man continues 
though our dress has changed. Sir E. J. Salisbury 
examined samples of dust swept from the pews of two 
churches during the least productive months of March to 
July. The samples were sown in sterilised soil in con- 
ditions favourable to germination and he obtained a num- 
ber of seedlings. The number of germinating plants in each 
sample ranged from one to fourteen, and approximately 
90 per cent of the total were grasses. This emphasises the 
efficacy of mud carriage and indicates what long distances 
seeds will travel before they dislodge when the mud dries, 
for the congregations of these churches had wiped their 
shoes on mats before entering. 

Nowadays road vehicles carry mud and seeds for as 
much as two hundred miles a day—motor tyre treads are 
singularly effective carriers of seeds embedded in mud. 
Even the wheels of aeroplanes can transport seeds from an 
airfield in One country to another across natural barriers, 
just as planes can transmit the malaria mosquito and 
Colorado beetle to other countries. What economic effects 
will result from this unwitting introduction of weed seeds 
cannot be foretold. 


Seeds and Imperial Expansion 


In the days when food was tasteless and often eaten 
after it had gone bad, people were glad to disguise its real 
flavour or lack thereof. They were eager to seek out new 
flavourings and spices. These spices, many of which 
originate from seeds, thus came to play an important part 
in the affairs of territorial conquest and expansion of 
empires. Many voyages into unknown seas, which led to 
the discovery of new lands in the fifteenth and sixteenth 
centuries, Were started by the desire to secure these greatly 
prized food adjuncts. Seed spices were often in as much 
demand as gold, and much early exploration was the result 
of attempts to find quicker routes to spice-producing areas. 
First Portugal monopolised the trade for two centuries, 
then Holland, later still Britain. Attempts by these and 
other countries to gain a monopoly of the spice trade of 
Europe provided one factor leading the imperialist 
countries into war. Of the more interesting seed spices, 
nutmegs and mace are the kernels and coverings respec- 
tively of seeds from a tree native to the Spice Islands, 
while vanilla comes from the beans of a climbing orchid 
native to the forests of Mexico and Central America and 
which is now cultivated in islands of the South Seas. 

In this era, floating seeds, such as the nuts of the double 
coconut palm (Lodoicea sevchellanum), must have played 
a role in opening up new islands to mariners. For, found 
floating on the ocean, they would have indicated the 
presence of nearby land. 

Of the seeds put to domestic uses, there are anise seeds— 
widely used for sweets, caraway seeds for cakes, dill seeds 
—used both for making pickles and as a baby’s medicine, 
and poppy seeds for sprinkling on loaves. Of the seeds 
used as substitutes, no doubt the Germans will remember 
for a very long time the acorns used as ersatz coffee. 

Seeds have also played an important role in the evolu- 
tion of pharmacy and of medical treatment. But organic 
chemists are now learning how to make all the drugs which 
occur naturally in seeds, and the synthetic laboratory 
Product is replacing the natural product. Chaulmoogra 
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oil, long known as a relief for leprosy, is obtained by 
pressing the large seeds of the chaulmoogra tree. A legend 
attached to its discovery tells of a certain Burmese prince 
who, on becoming a leper, was banished to the jungle where 
he lived on fruits and nuts. He ate the seeds of this tree 
again and again, until he eventually found that he was 
cured. The important drug strychnine comes from the 
hard bitter seeds of the Nux vomica tree of south-eastern 
Asia and Australia 


Ergot 


Derived indirectly from seeds is the drug ergotamine, so 
valuable in treating child-birth haemorrhage. This is now 
specially prepared in Russia, Poland, Spain, India and 
Australasia by inoculating rye with the ergot fungus which 
produces this drug in the grains. During the famine 
periods of Europe in the Middle Ages the starving people, 
especially the inhabitants of ghettoes of larger cities, ate 
rye bread baked from poor quality grain which contained 
ergot. As a result many suffered from gangrene and 
convulsions. (See Discovery, January 1944, Vol. V, p. 3.) 

Banbarra beans contain such a stimulating drug that 
it is said African native messengers can travel almost all 
day on a handful of these beans alone. In the central and 
tropical parts of Asia, the betel-nut takes the place in 
everyday life of tobacco-smoking by Europeans and gum- 
chewing by the Americans. It reddens the saliva, gives 
the lips a bright hue and in course of time turns the teeth 
black. Refusing to accept an offer of betel-nut is con- 
sidered an insult. 


Quinine, Coffee, Rubber 


Seeds have, in many instances, formed the vital link in 
the introduction of economic plants and there are many 
interesting tales of rivalries between nations in their 
attempts to be first in getting the seeds of coveted economic 
plants. For instance, in 1852 the Dutch government had 
sent an expedition to bring plants of cinchona to Java 
and so were first to establish quinine plantations in the 
East. It was not until ten years afterwards that Sir Clements 
Markham, undaunted, organised parties to search the 
forests of the Andes for plants and seeds of cinchona. 
Seeds eventually reached Kew, which acted as a distribu- 
ting centre for sending either seeds or hothouse-grown 
plants to India and Ceylon. 

The millions of shrubs in the enormous coffee plantations 
of the New World all descend from a single plant which, in 
1718, grew in the Botanic Gardens of Amsterdam. In that 
year some of its seeds were sent to Surinam in Dutch 
Guiana, and sown. The first plantations of tea in India 
were made with Chinese tea seed. (The tea-plant, a native 
of China and Assam, has been cultivated in China for 
many thousands of years.) Prof. Mercer’s description of 
seeds as “‘plants packed for transportation” is therefore 
very apt. 

In 1875 a consignment of 70,000 seeds of the Para 
rubber tree (Hevea brasiliensis) arrived at Kew from 
Brazil. These were immediately sown and although only 
a small proportion germinated, because these seeds do 
not retain their vitality for long, it was possible to despatch 
more than a thousand plants to Ceylon in the same year. 








58 


These plants subsequently supplied the remainder of the 
British eastern empire with Para-rubber plants. In 
Singapore and other parts of the Malay Peninsula this 
species has prospered. It not only yields fine rubber but 
sets abundant seeds, useful for making fresh plantations. 

Perhaps the discovery of new plants is not so important 
as it was, say, 150 years ago, when every packet of seeds 
arriving at Kew from plant collectors abroad carried with 
it the possibility of producing some new vegetable wonder 
which Europeans had never seen before—it might even 
prove capable of altering the economic system of the 
civilised world. 

Coffee beans have had political consequences, but in 
a different way. Coffee, Brazil’s chief agricultural export, 
has often been ‘“‘over-produced” so that the surplus beans 
have been either dumped in the sea or used as locomotive 
fuel. Yet in the past many people could not afford this 
beverage owing to its price. 

The League of Nations, in their list of raw material and 
foodstuffs, catalogue the yield of all the cereals, beverage 
seeds and certain other seeds produced by the leading 
countries of the world. These other seeds are ground-nuts, 
hemp, rape, cotton, castor and sunflower seeds, linseed 
and palm kernels, all of which are important for their oil 
and fat contents. What part these seeds have played as 
foodstuffs and in armament manufacture during the war 
years remains to te seen, but much work has been carried 
out to explore the possibilities of producing alcohol, and 
hence synthetic rubber, from various types of corn. 


Seed Growing 

Up to fairly recent times farmers and smallholders in 
this country harvested seeds from a portion of the food 
crops they allowed to run up to seed, as do certain present- 
day South American Indians. However, merchants started 
to devote themselves either to seed growing or to obtaining 
supplies of seeds from various sources which they resold 
to farmers. This led to specialised seed growing on a 
much larger scale which guaranteed more certain supplies. 

In the Great War private firms controlled the nation’s 
seed supplies. They had been obtaining much of these from 
abroad, particularly from Italy, Germany, Russia and 
America, so that as the war advanced their sources were 
gradually cut off. although the demands for seeds were 
increasing. They therefore had to grow commercial seed 
from inferior as well as higher-grade mother seed and also 
had to place orders with incompetent growers. As a 
result vegetable crops grown from the commercial seed 
did not always give as good yields as they might have done 
if the right kind of seed had been available. After the war, 
the seed firms had to re-select some of the strains and 
improve them to the pre-war standard. 

Lack of seed importations during the Great War thus 
stimulated the domestic production of seeds in the British 
Isles and during the interval between 1918 and 1939 most 
varieties of seed were grown here although it was necessary 
to continue importing to satisfy the market. Except for 
cauliflower, most vegetables can be grown for seed in this 
country. Most of the imported seeds have come from the 
south of France, Italy, the Netherlands, Denmark, Germany 
and Belgium. For the next few years, however, these 
countries will be requiring all their own seeds as a result 
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of the ravages of war. Therefore every effort must be 
made to keep seed growing in the British Empire at a 
high level of production. 

California is the most important seed-growing area in 
the world, as the climate is especially suitable for producing 
seeds such as carrot, lettuce, onion and radish. The 
American seed industry suffered a setback at the time of 
Pearl Harbour, for until then cheap Japanese labour was 
available; most of the Japanese were later interned. There 


were also large numbers of Japanese farmers producing 


seeds under contract along the Pacific coastal areas. But 
these farmers had to be evacuated for defence measures 
when it was realised how many had farms close to railway 
lines. 


Seeds and Rehabilitation 


When the Germans were invading western Russia, the | 


Russian farmers practised a scorched earth policy, leaving 
no crops or viable seeds behind them as they retreated. 
The Canadian and United States authorities notified the 
Russians that they were willing to keep selected stocks of 
Russian seeds in their respective countries, these to form the 
basis of selected stock seed which could later be sent back 


to Russia when the enemy was beaten. The Americans | 


have also shipped large quantities of commercial vegetable 
seeds directly to Russia from their Pacific ports. In addi- 
tion, at the request of the Russian Governmental Com- 
mission for Testing Crops, they sent a special shipment of 
experimental seeds, which included sweet corn and its 
hybrids, flax, beans, and soybeans. 

In Britain early in 1942 the National Institute of Agri- 
cultural Botany, in order to encourage the increase in home 
seed production, set up a Seeds Production Committee 
which included representatives of seed growers and of 
the National Farmers’ Union. In many districts the 
leading seed firms, who have always taken their responsi- 
bilities seriously, offered the services of their local agents 
to give advice to farmers new to seed production, and the 
War Agricultural Committees have helped in many ways. 
Since 1941 the Seeds Import Board has been responsible 
for ascertaining the requirements of the United Kingdom 
and for placing orders in the United States, and for guiding 
the distribution of the seeds. 

Some seed crops are difficult to grow owing to the danger 
of cross-pollination by other seed crops. This is a real 
drawback when growing brassicas and beets. In 1941 


a group of growers started a voluntary zoning scheme in | 


the district around the Wash whereby they defined certain 
zones from which either sugar beet or mangel seed crops 
were to be excluded by agreement. It was soon realised 


that this was a great advance in assuring a high standard | 
of purity in beet seed production that now certain cross | 
pollinated crops can only be grown under licence from the | 


War Agricultural Executive Committee. 

Parliament has on a number of occasions discussed seeds 
and their production. Thus in 1920 it passed the Seeds 
Act “to protect the farmer against the danger of unknow- 
ingly purchasing and sowing seeds of low vitality and 
contaminated with noxious weed seeds”. All seeds sold in 
this country must conform to the Seeds Act and _ the 
Ministry of Agriculture licenses most of the large seed 
concerns, permitting them to run their own seed-testing 


stations. 
Continued on p. 4 
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Rubber: Its Compounding and Testing 





JOHN HUNTER, B.A., B.Sc. 


THE Rubber Industry turns out the most diverse types of 
product; it is a far cry from a bus tyre tread to a meteoro- 
logical balloon or to baby’s rubber pants, but it is con- 
ceivable that they may all be made in one factory. Natural 
or synthetic rubber to the rubber technologist is rather as 
flour is to the pastry-cook, who uses it in all his recipes and 
by skilful admixture of other ingredients produces the 
lightest puff or, should he wish, the toughest crust. His 
variables are the nature of the added ingredients, their 
relative proportions and the time and-temperature of cook- 
ing. So, too, with the rubber industry: besides rubber there 
are a tremendous number of other ingredients available 
to the rubber compounder, and by their admixture and 
vulcanisation by heating he has to make his diversity of 
products. 

The pasty-cook often enough has only to satisfy one test 
of his products, the relatively straightforward “‘proof of the 
pudding’, but the rubber man has a harder task. He has 
usually to get right the hardness, the strength, the elasticity, 
the resistance to all sorts of degradation, and often many 
more properties. His ingredients clearly need careful 
choosing: how does he make his choice? Trial and error 
methods on finished products may be all right for the 
research-minded housewife in her kitchen, but they are of 
diminishing value in modern industry, except for final tests. 
The rubber technologist must know the properties of 
various kinds of mixture and must know how to vary those 
properties accurately by varying the ingredients: he acquires 
this knowledge by the small-scale physical evaluation of 
samples made from laboratory-mixed formulations. 


The Ingredients 


The tread of a first-grade pre-war tyre contained only 
about 60 per cent by weight of rubber, the remaining 40 
per cent being made up of about seven other types of 
ingredient in varying concentrations. This is a relatively 
simple type of mix and in other commonly used mixes, or 
“compounds” as the rubber industry calls these formula- 
tions, as many as twelve to fifteen different substances may 
be involved; a rubber-processing factory usually carries 
a raw material stock running into hundreds of different 
substances and the number on the market is even greater. 
What are these non-rubber ingredients and why are they 
added to rubber? In examining these questions reference 
will chiefly be made to the compounding of natural rubber; 
the formulating of synthetic types differs in some respects 
which cannot be described in detail here, but there are few 
lundamental compounding differences between natural 
rubber and the widely used, American-made, GR-S type 
synthetic. 

Natural rubber in the raw state has severe limitations as 
an industrial material. It has low tensile strength and shows 
a relatively severe permanent change of shape, or “‘per- 
Manent set”’, after deformation; worse still it becomes soft 
and sticky in warm surroundings and is very susceptible 
to deterioration. The fundamental technical advance 
which made possible the early development of the modern 


rubber industry was the discovery by Charles Goodyear in 
the U.S.A. in 1839 (and possibly independently by Han- 
cock in this country) that if rubber and sulphur were heated 
together a stronger, more elastic material resulted which 
was far more stable to high temperatures than raw rubber. 
This process is called vulcanisation, or more commonly 
‘curing’, of the rubber mix. 

It has been shown since this first discovery that rubber 
can be vulcanised by substances other than sulphur, for 
example, selenium, tellurium, sulphur monochloride, 
dinitrobenzene and benzoyl peroxide, but in spite of this 
sulphur remains by far the most widely used vulcanising 
agent. It is known that a chemical reaction takes place 
between rubber and sulphur under vulcanising conditions, 
and it is believed that the physical change which occurs 
is caused by the development of cross-linkages or anchor- 
age points between the long-chain rubber molecules, 
probably through some kind of sulphur bridge. 


Accelerating Vulcanisation 


The discovery of vulcanisation certainly revolutionised 
such rubber technology as existed in those far-off days, but 
as it stood the process had some severe limitations and 
disadvantages. To bring about the development of the 
desired physical properties it was necessary to heat the 
rubber-sulphur mix (containing about 8 per cent sulphur) 
for several hours at a temperature of between 130° C. and 
150 C., and this naturally meant a high production cost 
and limited output. Furthermore, it was found that 
different natural rubbers showed different speeds of vul- 
canisation and it was not easy, therefore, to get uniform 
products by a straightforward constant-time process cycle. 
But in 1844 came the beginnings of a second great step 
forward which was to lead to the sweeping away of these 
difficulties by 1920 and to the possibility of new technical 
developments. During that year Goodyear and others dis- 
covered that certain weakly basic inorganic materials would 
greatly speed up the vulcanisation process; basic lead 
carbonate was mentioned in the first patent granted and 
this was soon followed by similar claims for litharge, lime 
and magnesia, whose use grew and became general until 
they were largely superseded by another group, the organic 
vulcanisation accelerators. 

As early as 1906 Oenslager had recorded the use of 
aniline as a vulcanisation accelerator, but more important 
developments came later in a very interesting indirect way. 
One of the drawbacks of rubber, vulcanised or unvul- 
canised, was its susceptibility to oxidative degradation, or 
‘“perishing’”’. In air, and more especially under warm 
conditions and in sunlight, rubber products tended to 
become brittle and foul-smelling and to lose elasticity and 
strength. In 1910 some German chemists working on 
synthetic rubber found that their products were even more 
susceptible to ageing and deterioration than natural rubber 
and, since it had been discovered that there were nitro- 
genous materials in the natural product as well as hydro- 
carbon, they tried the effect of adding small quantities of 
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the time for which the rubber ts vulcanised. The four 
thiuram disulphide: B. aldehyde-amine: C, mercapto- 
benzthiazole: D, diphenylguanidine) show the same 
characteristics—trise in tensile strength 1s relatively 
rapid at the outset, and after reaching a maximum the 
strength proceeds to fall off gradually. The greater 
“plateau effect” in C and D gives more latitude in 
vulcanising procedure. 
organic nitrogen-containing substances to their synthetic 
rubber. They made progress with the improvement of its 
resistance to deterioration in this way but, more important, 
they found that some of these organic bases were powerful 
vulcanisation accelerators. In 1912-15 this work culmin- 
ated in the well-known Hoffman and Gottlob patents 
which disclosed several important organic accelerators, 
some of which are in use to this day. Concurrently with 
this work the accelerators based on carbon bisulphide and 
its derivatives were being developed; in 1920 came the dis- 
covery of the activity of diphenylguanidine and a year 
later, simultaneously in the U.S.A. and in Italy. the new 
and important accelerator mercaptobenzthiazole was 
announced. The latter two substances and their derivatives 
form the bulk of accelerators used to-day. but there are 
also in use aldehyde-amines, xanthates, dithiocarbamates, 
thiuram sulphides and a few miscellaneous types. The 
various classes show different degrees of acceleration and, 
with the most active, vulcanisation can be effected by 
heating for 2-3 minutes at 100° C. or even lower, although 
40-60 minutes at about 140° C. is the average for typical 
motor-tyre mixes. 

The repercussions of the development of organic 
accelerators were far wider than a mere speeding-up and 
cheapening of the process. Because of their great activity, 
variations in the vulcanisation rate characteristics of raw 
rubbers were effectively smoothed out and masked, and 
greater uniformity of products was secured; because the 
vulcanisation period was shortened and the temperature 
lowered, there was less deterioration of rubber during the 
process, and in consequence the products had superior 
physical properties and a greater resistance to subsequent 
deterioration. Many accelerators were found to give a 
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‘plateau effect” in the graph obtained by plotting physical 
strength of rubber mixes containing them against vulcanisa- 
tion time; this meant not only that it was not so important 
to aim times of vulcanisation with great precision but 
that, for the first time, thick rubber articles could be vul- 
canised to give a satisfactory product. Rubber is a poor 
conductor of heat and previously with thick articles a 
vulcanisation process which would give an optimum sur- 
face “‘cure’’ would give an undercured interior and if the 
process was lengthened to get the right state of internal 


cure, the longer heating would cause severe physical | 


degradation of the surface regions. The “plateau effect”, 
which ts illustrated diagramatically in Fig. | (graphs C and 
D), shows a much longer retention of good physical 
properties as time of vulcanisation increases, and con- 
sequently a much greater time tolerance in process design- 
ing. Apart from any other considerations, it would have 
been impossible to make satisfactory tyres for heavy 
vehicles if there had not been available accelerators with 
this important characteristic. Thus it is seen how much 








depends on an ingredient which often constitutes less than 


one per cent of the weight of the mix. 

The use of added substances to improve the resistance 
of vulcanised rubber to ageing or deterioration has already 
been mentioned. The development of these organic 
“anti-oxidants” has proceeded more or less simultaneously 
with the development of accelerators, and to-day they are 
in universal use in the rubber industry. They have played 
a great part in lengthening the service life of rubber articles 
of all kinds and have enabled such articles as engine 
mountings, tyres, steam hose and hot-water bottles to stand 
up to high temperatures for long periods without suffering 
a severe fall-off in physicai properties. There are several 
chemical types on the market and many examples of each 
type; phenyl % naphthylamine is probably the most widel) 
used single anti-oxidant at the present time. 

Rubber is softened and rendered plastic (plasticised) and 
is mixed with other ingredients either on a horizontal two- 
roll mill—rather like a domestic mangle with side by side, 


—— 


power-driven, water-cooled or steam-heated steel rolls | 
that are anything up to seven feet long—or in some kind | 


of internal mixer with bladed rotors. 
of the first type is seen in Fig. 2. 
completed it undergoes such processes as shaping into 
Sheets by “calendering’” between more rollers, spread- 
ing or pressing on to fabric in a similar machine, or 
extrusion through a suitably shaped die by a power-driven 
Archimedean screw. This last process gives continuous 
lengths of compounded rubber of suitable cross-section 


An example | 
When the mix 1s | 


for subsequent shaping operations; in the manufacture of | 
tyres, for example, the rubberised fabric for the casing Is | 
prepared by calendering, while treads are continuously | 
extruded through dies and are subsequently cut to length | 


and shaped round the built-up casing. 

Finally the pre-shaped articles are vulcanised under 
pressure in heated moulds which impart the final shape and 
pattern. In all cases it is important for the unvulcanised 
mix to be sufficiently soft and plastic to be worked without 
excessive power consumption and to flow readily to fill 
the contours of the mould before vulcanisation sets in to 
fix the shape and destroy the plasticity. These needs gave 
rise to yet another class of compounding ingredients, 
softeners and plasticisers. The most commonly used types 
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are tarry and resinous materials 
derived from the distillation of wood 
or coal, mineral oil derivatives and 
similar substances, their mode of 
action probably being to reduce vis- 
cosity by acting as internal lubricants. 
Chemical plasticisers, which are used 
to a lesser extent, bring about 
softening by a limited breaking down 
of the rubber molecules themselves, 
thus assisting the mastication soften- 
ing brought about by mechanical 
working of the rubber at a fairly 
high temperature in air. 

Early rubber technologists bor- 
rowed ideas from the ancient paint, 
ink and ceramic industries by intro- 
ducing fillers and pigments into their 
rubber mixes. As early as 1855 
litharge, lamp black and magnesia 
were being used for this purpose, 
and later zinc oxide, various Clays 
and whitings as well as many other 
substances came into use. These 
fillers had a three-fold purpose—they 
could act as extenders or cheapening 
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Fic. 2.—A battery of two 60-inch rubber mixing mills. (Courtesy 
of David Bridge & Co, Ltd., Rochdale.) 


agents (by adding bulk to the mix), they could be used to modern pre-war pneumatic tyre, the life of which was 
impart strength and stiffness to the vulcanised product, or lengthened to 20,000-30,000 miles without retreading. It is 
to give it colour. The first serious attempt to investigate interesting to remember that the non-reinforced tyre of pre- 
the effect of various loadings of different fillers on the 1920 vintage, produced by means of inorganic accelerators, 
physical properties of vulcanised rubber mixes was pro- would only last a few thousand miles at much lower speeds 
bably that of Heinzerling and Pahl in 1891, but in sub- and with smaller axle loadings than are usual practice to- 
sequent years there was more and more systemdtic work, day. Tyre development has been extremely rapid and has 
which was greatly stimulated by the advent of the auto- more than kept pace with the advance in automobile design. 
mobile in the years 1900-10. Progress in the technique of rubber compounding has 
In 1920 came a development to be ranked with those of led to the original class of ingredients known as fillers being 
the processes of vulcanisation and acceleration—the dis- sub-divided into new groups according to function. Thus 
covery of the reinforcing properties of certain types of there are reinforcing fillers of the gas- or furnace-black 
carbon black, more especially the type made by burning type, semi-reinforcing fillers and pigments (like zinc oxide, 
natural gas and collecting the soot formed on a metal red iron oxide and titanium dioxide), and extenders such 
plate. It was found that the addition of 20-30 per cent as the whitings and clays as well as asphalts, pitches, highly 
(by volume) of this black to a rubber mix gave very much polymerised vegetable oils, reclaimed rubber and so on. 
enhanced tensile strength, resistance to tearing and to These then are the main types of rubber mix ingredients: 
abrasive wear. The use of carbon black, organic accelera- vulcanising agents, accelerators, anti-oxidants softeners, and 
tors and anti-oxidants was vital to the development of the plasticisers, fillers, pigments and reinforcing agents. There 


(A) PARTS 


BY WEIGHT 
Natural rubber 











@ Pine tar 4 
@ Stearic acid 3 
SOFTENER @ - @ Zinc oxide 5 
| — @ Phenyl! 3 naphthylamine 1 
er D MEIET nnn iv @ Mercaptobenzthiazole 08 
e@ Sulphur 3 
ACCELERATOR ACTIVATOR —e- a i pie PO Po 
ANTI-OXIDANT —~e Y a << (B) 
ACCELERATOR oo ; saat ” GR-S (synthetic) . 100 
on - ‘e Coal tar softener 5 
VULCANISING AGENT ———e 7 e Stearic acid 1 
a, e Zinc oxide 5 
REINFORCING FILLER ————e~ 4 . ~e (Anti-oxidant already in GR-S) 
® Mercaptobenzthiazole 1 
e Diphenylguanidine 0-25 
“~e Sulphur 2 
@ Carbon black 50 


Fic. 3.—Table showing two typical mixtures used in tyre- 
making; (A) with natural rubber, (B) synthetic rubber. 


are many sub-groups of these classes as well as 
other types such as accelerator activators, pig- 
ment dispersing agents, organic colours and 
blowing agents for sponge rubbers. Fig. 4 
shows two typical compounds with ingredients 
grouped according to function: (a) is a natural 
rubber tyre tread compound while (4) is the 
counterpart of (a) using the American-made 
Buna-S type synthetic rubber known as GR-S. 

It will be seen that there is a close similarity 
between the ingredients of the two mixes. In 
a well designed compound every ingredient has 
a part to play and the rubber compounder must 
be able to measure at the laboratory stage how 
well his formulations are likely to stand up 
to service conditions. The second part of this 
article isconcerned with the methods adopted to 
make these measurements. (To be concluded) 











Far and Near 





Elements 95 and 96 Discovered 


THE discovery of elements 95 and 96 was 
announced by Dr. G. T. Seaborg, co- 
discoverer of plutonium, in a lecture to 
the American Chemical Society. Dr. 
Seaborg, professor of chemistry at the 
University of California who worked with 
the atomic bomb unit at Chicago Uni- 
versity, said these new elements had been 
produced by the bombardment of U238 
and Pu239 by helium ions of very high 
energy (40 Mev) in the Berkeley cyclotron. 
In another lecture (to the Illinois-lowa 
section of the A.C.S., on December 13) 
Dr. Seaborg stated categorically that 
plutonium was the base of the atomic 
bomb that devastated Nagasaki. 


Radar Contact with Moon 


THE U.S. War Department announced 
last month that scientists of the Army 
Signal Corps at the Evans Signal Labora- 
tory, Belmar, New Jersey, had succeeded 
in picking up radar reflections from the 
moon. The equipment used was the war- 
time radar unit known by the code 
number SCR 271, to which extensive 
modification had been made: the double- 
sized antenna was fitted with 64 (instead 
of 32) dipoles. Operating at a frequency 
of 112 megacycles, it sent out half-second 
pulses every five seconds. The interval 
between transmission and reception of the 
reflected pulse was of the order of 23 
seconds, radio waves, like light, travelling 


at 186,000 miles a second. The technique 


will make it possible to study the effect of 
the ionosphere on radio waves. 


A Revolutionary Dental Drill 


A REVOLUTIONARY design for a dental 
cutting instrument which depends not 
upon the orthodox revolving steel burr 
but on an “‘airbrasive” principle promises 
greater comfort in the dentist's chair. It 
is described in the American Dental 
Association’s journal (August |, 1945) by 
Dr. R. B. Black. Fine abrasive powder 
is directed at high speed against the 
surface of the tooth to be cut and by 
skilful direction of the pin-point stream 
the cavity is prepared for the reception of a 
filling. 

The instrument is very similar in appear- 
ance to the ordinary dentist’s drill. At its 
end, however, are two small jets; through 
one passes aluminium oxide powder and 
through the other air at high pressure. 
During the operation the heat generated 
is dispersed before it has time to raise the 
temperature of the sensitive tooth tissue. 
There is no vibration or uncomfortable 
feeling of manual pressure. In fact, the 
only sensation is a slight hissing. 

Some time will elapse before the method 
is brought into general use, for certain 
technical difficulties have yet to be over- 
come. The powder wears away the jet 
almost as rapidly as the tooth, so that at 
present one jet lasts long enough to cut 
only two cavities. Jets of sufficient hard- 
ness are in production, however. But 
the time appears in sight, indeed, when a 
visit to the dentist will be no more nerve- 
shattering than a visit to the hairdresser. 


British Atomic Scientists’ Committee 


A COMMITTEE has been formed, as widely 
representative as possible, of British 
atomic scientists. Its main functions will 
be: (a) The dissemination and explanation, 
both to other scientists and to the general 
public, of published information on the 
developments and implications of atomic 
energy: (b) consideration of national and 
international policy for the control and 
development of atomic energy: (c) 
liaison with similar groups of atomic 
scientists abroad. 

Any communications concerning the 
Committee should be addressed to the 
General Secretary, Association of Scien- 
tific Workers, 15 Half Moon St., London, 
W.!1 


Forthcoming Events 


THE Federation of British Industries is 
holding a two-day conference on indus- 
trial research at the Kingsway Hall, 
London, on March 27-28. Further infor- 
mation can be obtained from the F.B.I., 
21 Tothill Street, S.W.1. 

The X-ray Analysis Group of 
Institute of Physics announces that its 
1946 Conference takes place in London 
at the Royal Institution on July 9-11, 
and is open to all without charge. Further 
information can be obtained from the 
secretary of the Group, Mr. F. A. Ban- 
nister, F.Inst.P., Department of Mineral- 
ogy, Natural eaory Museum, Cromwell 
Road, S.W.7 

An exhibition of photographic recon- 
naissance and air survey equipment will 
be staged at the Royal Geographical 
Society, London, during the fortnight 
March 25-April 7. 


the 


Careers in Engineering 

THE latest careers guide to be made avail- 
able by the Stationery Office deals with 
Chemical Engineering, Mining Engineer- 
ing and Fuel Technology. Like other 
pamphlets in the series (the new one is 
No. 19), it gives particulars of pre-entry 
qualifications, training and remuneration. 
and the scope of each profession. A useful 
appendix shows where degree courses In 
eight branches of engineering, as well as in 
fuel, gas and oi! technology, are available. 
Conditions of entry to the various pro- 
fessional institutions are also tabulated. 
The document costs 3d. 


Science for the Citizen 


THERE Is little to record this month in the 
way of B.B.C. programmes about scien- 
tific subjects. A Children’s Hour pro- 
gramme on Sir Isaac Newton was well 
done: this necessarily much simplified 
account of his life was dramatised. The 
first number of the new series entitled 
“The Naturalist” was promising. It 
lasted twenty minutes; it could have 
lasted at ieast another ten without this 
reviewer's attention flagging. Douglas 
Wilson spoke about the Portuguese 
man-of-war, which turned up at several 
places along the South coast last year. 
Richard Adams discussed bird-watching 
in a most practical way that one expected 
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him to adopt after saying he was a farm 
labourer and never possessed any field 
giasses until he was 25, and his item neatly 
meshed with some of Dr. Ludwig Koch’s 
recordings of bird-song. Geoffrey Grigson, 
the editor, takes the view that the scientific 
approach to natural history increases the 
enjoyment that the study can give, and 
gave a promise to include ‘ta good deal of 
why and wherefore” in future numbers. 
The second number, devoted to the theme 
of migration, was equally good. 


‘*The Story of DDT”’ 


IN the field of scientific and_ technical 
films it is only on rare occasions that a 
film is made which succeeds in dramatis- 
ing its theme and has an immediate 
popular appeal, while at the same time 
it is acceptable to the uncompromising 
scientist. The Army Film Unit’s pro- 
duction **The Story of DDT” goes a long 
way towards achieving this ideal. (This 
film is available on 16 mm. and 35 mm, 
both with sound. It runs for 23 minutes, 
and is distributed by the Central Film 
Library.) 

The film tells the story of the new 
insecticide. The original preparation of 
the substance, thought at the time to be 
be of no value, is re-enacted, and then there 
is shown the careful testing which leads 
finally to its successful application in 
many directions as a powerful insecticide, 
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of immense value to an army fighting in | 
the insect-ridden regions of the East, and | 


in a devastated Europe. 

To the scientist, the manner in which a 
subject is approached and presented 1 
of equal importance to the _ technical 
content of a film. Here the approach 1s 
logical and scientific. We have first the 
Statement of the problem—the urgent 
need for an effective insecticide. This 1s 
followed by rigorous laboratory testing 
and field trials on the compound and, 
finally, when the value of DDT has been 
proved, we see its application to human 
needs in the Allied armies, and to the 
civilian population of Naples threatened 
with an epidemic of typhus—a_louse- 
borne disease. It is in these sequences that 
the film is most vivid and forceful, and the 
rather hackneyed phrase —*‘the impact of 
science on society 
inescapable meaning. 

The film as a whole has an admirable 
balance. It starts, with a punch, on the 
dramatic theme of mankind's struggle for 
mastery over the insect world. Even this 
short sequence should help to bring new 
prestige to the often ridiculed member of 
the scientific fraternity—the entomologist, 
who, with butterfly net and magnifying 
glass, is usually a figure of fun in the 
popular mind. The film ends, rightly, on 
a note of hope for the future. About half- 
way through there is a pause in the factual 
commentary, and the film becomes more 
impressionist, as the large-scale prepara 
tion of DDT is shown, to the accompanl 
ment of lively music in the modern idiom. 
Purists might object to this “lapse” but 
in fact it is quite justified. It provides 4 
moment of relaxation for the audience 


takes on a real and | 
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between the more thought-provoking 


sections. and in any event the sort of 


information that is omitted here—that 
DDT is made by treating chloral hydrate 
and monochlorbenzene with sulphuric 
acid under certain conditions, and so on 
—is of little direct significance to anyone 
except an organic chemist. 

The scientists who developed DDT 
would be the first to deny that it is the 
ideal panacea in the control of insect 
pests. The film, however, does tend to 
leave a rather optimistic impression about 
the wider use of this compound in the 
future. Men have learnt, to their cost, 
that any one factor in nature cannot be 
disturbed without influencing other fac- 
tors. The film might well have included a 
note of warning on these lines, citing, for 
example, the possible danger to bees and 
other pollinating insects. Apart from 
this possible omission, the commentary to 
the film is always apposite and com- 
mendably free from forced attempts at 
humour (though a reference to “lousy 
Germans” may be taken as a humorous, 
as well as a factual, epithet); thus it 
allows the human interest of the visual 
material to tell its own story. 

In the sequence showing the typhus 
epidemic in Naples there are some scenes 
inside a hospital. On the wall of the ward 
isa chart showing the number of cases of 
the disease admitted daily; the curve 
rises formidably until DDT is introduced 
to delouse the city’s inhabitants. This use 
of diagrams in situ certainly overcomes 
the break in continuity which inevitably 
arises in the direct change from straight 
photography to diagram, but here the 
realism has been carried a little too far, 
for the splashes of sunlight and shadow, 
across the wall where the chart is hanging, 
definitely detracts from its clarity. Such 
points, however, are quite minor ones. 

R. J. RATHBONE. 

(This review is contributed by arrange- 

ment with the Scientific Film Association.) 


Bicentenary of William Curtis 

THE bicentenary of the birth of William 
Curtis, author of the Flora Londinensis 
and founder of the Botanical Magazine, 
was celebrated last month. At Alton, 
where he was born on January 11, 1746, 


there was held an exhibition of books and 
manuscripts, and a memorial service took 
Mary's, 


place at St. Battersea, in the 





William Curtis (1746- 1799). 


churchyard of which he was_ buried. 
Trained as an apothecary, Curtis became 
a botanical demonstrator to the Society of 
Apothecaries. His flora of London was 
published in 72 parts between 1775 and 
1798. It makes strange reading to-day, for 
he records the flowering rush growing 
near Deptford and in the Blackwall 
marshes, while a marsh orchid, cotton 
grass and bog-bean were then to be found 
near the river at Battersea. The Botanical 
Magazine, which he brought out in 1787 
as a monthly journal, still appears, being 
published by the Royal Horticultural 
Society. Curtis died in 1799. Nature 
(January 5) and the latest issue of Endeav- 
our contain interesting articles about 
Curtis and his work. 


He Mapped the Chromosome 


AMERICA lost one of her greatest biologists 
by the death on December 4 of Professor 
Thomas Hunt Morgan. Born in 1866—the 
vear that Mendel published the results of 
his classic breeding experiments — Morgan 
followed up Mendel’s work (using the now 
famous fruit fly, Drosophila, as his breed- 
ing material) and carried the correlation 
of genetics and cytology to the point 
where it became possible to locate the 
position of the units of heredity, the 
genes, in the chromosome. 

Morgan is described as having drifted 
into biology “‘for no better reason than 
that he liked it”. After graduation, he 
obtained his doctorate for research into 
the embryology of pycnogonids (‘‘sea 
spiders’) and then went abroad to do 
further zoological research in Germany 
and at Naples. In 1904 he was appointed 
Professor of Experimental Zoology at 
Columbia University. It was not until 
he was 43 that he took up the work which 
made his international reputation. 

Being interested in the phenomenon of 
mutation, he sought a quick-breeding 
organism and eventually he selected 
Drosophila, a fly that completes its life 
cycle in a matter of ten days, for which 
reason it had already been used by Pro- 
fessor W. E. Castle and C. M. Wood- 
worth for the study of inbreeding. For 
the best part of a year no mutants turned 
up, but in April 1910 “in a pedigreed 
culture which had been running for nearly 
a year through a considerable number of 
generations a male appeared with white 
eyes’. The normal eye colour is red, so 
here was the first of a long line of mutants. 
(In the first five years of work with 
Drosophila over 150 mutants were dis- 
covered.) 

From the cross-breeding of the many 
different varieties of Drosophila, Morgan 
derived the concept of “linkage”. Geneti- 
cal observations led him to the idea that 
blocks of genes might be exchanged 
between chromosomes, and this _ phe- 
nomenon of “crossing over’, as it was 
called, suggested to Morgan a method of 
determining the location of genes along 
the length of the chromosome. His 
hypothesis was a simple one: the nearer 
together two genes lie, the smaller the 
chance of “crossing over” when random 
interchanges take place between homo- 
logous chromosomes; two genes that 
separate easily must lie far apart in the 
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Professor T. H. Morgan (1866-1945). 


chromosomes. Numerical analysis of the 
results of breeding experiments enabled 
Morgan and his colleagues (C. B. Bridges, 
A. H. Sturtevant and H. J. Muller were 
Outstanding members of his team) to 
map the chromosomes of the fruit fly, 
working out the order in which the 
genes were arranged along the chromo- 
somes and the distance between the 
individual genes. The first chromosome 
map dates back to 1913. To-day, to quote 
a remark of Bridges, “the position of 
genes can be located as easily as the 
houses on Main Street.’” These researches 
won him a Nobel Prize in 1933. 


Night Sky in March 


The Moon.—New moon occurs on 
March 3d. 18h. 0Im., U.T., and full moon 
on March 17d. 19h. 11m. The following 
conjunctions take place: 





March 
4d. 20h. Mercury in con- 
junction with 
the moon Mercury 6° N. 
12d. 11h. Mars ,». Mars 1 N. 
12d. 14h. Saturn ,, Saturn 2 S. 
20d. Olh. Jupiter ,, Jupiter 3 S. 


The Planets.—Mercury sets at 18h. 57m. 
at the beginning of the month and at 19h. 
34m. in the middle of the month, and as 
these times are well after sunset the 
planet will be visible in the western sky, 
but it is not an easy object to find unless 
observers know exactly where to look for 
it. As stars are not visible at these times 
of the evening, it is impossible to give 
directions for finding this small planet. 
Of more interest is Venus which can be 
seen in the western sky after sunset, the 
times of setting at the beginning, middle 
and end of the month being 18h. 04m., 
18h. 49m., and 19h. 4Ilm. respectively. 
With moderate optical aid the disc of the 
planet can be easily seen, but Venus 
presents a much more beautiful appear- 
ance when she is a crescent. This does 
not occur during March when the sun 
lies partly between the earth and Venus. 

Mars is easily recognised by its ruddy 
hue and can be seen during the greater part 
of the night, setting at 5h., 4h. 18m., and 
3h. 19m., at the beginning, middle and 
end of the month respectively. To those 
who have any doubts about identifying 
the planet, it may be pointed out that it 
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is due south on the above dates at 20h. 
28m., 19h. 43m., and 19h. respectively. 

Jupiter is now well placed for observa- 
tion, rising at 21h. 54m., 20h. 54m., and 
19h. 40m. on March 1, 15, and 31 respec- 
tively. The planet does not rise nearly as 
high above the horizon as Mars, and dur- 
ing the month its altitude when on the 
meridian is only about 30° This applies 
to the latitude of Greenwich and for 
every degree of latitude north of Green- 
wich deduct | from the above altitude. 
Saturn is easily recognised, as it is close 
to Mars: a pair of good binoculars will 
show its ring. Saturn 


Butterflies. By E. B. Forp. (No. I in the 
New Naturalist series, Collins, London, 
1945: pp. 368: 16s.). 

Many professional biologists have entered 

their science through the 

natural history. That this approach leads 
to a well-found mental background is 
clearly demonstrated by Dr. Ford tn his 
recent book on butterflies. The editors 
of the New Naturalist series may well 


congratulate themselves on their choice of 


author, though the standard which Dr. 
Ford has set may be difficult to maintain. 
The butterflies as a group are singularly 
well fitted to the treatment given by Dr. 
Ford. The number of British species ts 
small: yet amateur naturalists have 
devoted more time to their study than has 
been afforded any other group of animals, 
with the exception of birds. The naturalist 
literature and collections are thus store- 
houses of valuable information to the 
hand of the professional biologist. 
Entomologists will be grateful to Dr. 
Ford for his authoritative statements on 
classification, largely based on his own 
analyses of butterfly pigments. Natur- 
alists and biologists alike can value the 
descriptions of variation and geographical 
races within the species: the author's own 
study of the effects of population density 
on the variation of the Marsh Fritillary, 
briefly described in his book, ts classical. 
Dr. Ford refuses to be strictly bound 
by the confines of his subject and the 
result is a gain for both types of reader. 
The naturalist is shown that the work 
which proceeds inside the laboratory is 
the logical sequel to his own observations, 
while the professional biologist is taught 
that he must draw inspiration from obser- 
vations in the field. Moreover, the author 
points out a host of problems of theoreti- 
cal interest, the solutions of which lie 
well within the compass of the competent 
naturalist. At the same time he rightly 
emphasises the necessity for statistical 
treatment of the results before valid 
conclusions can be drawn. After reading 
Dr. Ford’s book we may confidently look 
forward to further syntheses of the comple- 


mentary field and laboratory modes of 


research. The tonic effect of such work 
will be of the greatest value to biological 
science. 

The book is profusely illustrated, the 
quality of the plates being entirely in 
keeping with the scholarly nature of the 
text. H. G. CALLAN 


is Stationary on 


gateway of 


March 20 and, 
the movement of the planet is kept from 
March | to 20, it will be noticed that 
after this date it will appear to move in 
the opposite direction with reference to the 
Stars. This apparent motion is due to the 
combined movements of the earth and 
Saturn as they revolve around the sun. 

An interesting Spring constellation can 
be easily found by prolonging the line 
joining the last two stars in the Plough. 
This will pass through the constellation 
of Bootes and also close to its brightest 
star called Arcturus. This star has a 
diameter about 30 times that of the sun 





The Bookshelf 


London’s Natural History. By R. S. R. 
Fitter. (Collins, London, 1945; pp. 
282, 52 colour photographs. 41 black- 
and-white photographs: 16s.). 

ONE expects a lot of the New Naturalist 

series since the editors are Julian Huxley, 

James Fisher, John Gilmour and Dudley 

Stamp, and Eric Hosking is looking after 

the photographs. Necessarily one’s review 

is liable to be influenced by that impressive 
editorial list for one cannot help putting 
achievement alongside expectation. This 
book, No. 3 in the series, was issued at 
the same time as Dr. Ford’s volume which 
Is reviewed above. 


London's Natural History is a most 
ambitious work, seeking—to quote the 
Editors’ preface— 
a great human community in terms of the 
animals and plants it has displaced, 
changed, moved and removed, introduced, 
dispersed, conserved, lost or forgotten.” 
Mr. Fitter is among the very few who 
could attempt to write such a_ book, 
requiring as it does great familiarity with 
contemporary records. The position the 
author holds as zoological recorder of the 
London Natural History Society places 
this kind of information at his finger-tips 
and if anyone could bring off the attempt 
to tackle so large and diffuse a theme it 
was Mr. Fitter. 

He has not been content with collating 
natural history records past and present: 
he has also delved quite deeply into the 
literature on matters of geology and 
geography. and into London’s social 
history. For the bare facts he has so 
painstakingly collected together between 
two covers, the book, which is going to 
have permanent reference value, is well 
worth the money. But the very compre- 
hensiveness of compilation makes it a 
little difficult for the reader to see the 
wood for the trees—the author must have 
experienced a similar difficulty while he 
was writing it, One suspects. 

The demand for the volume (there is no 
doubt about its excellence for purposes of 
reference) should mean a second edition 
fairly soon. One hopes that another 
edition will materialise, but before it 
appears a number of points should be 
given attention. A modern natural 
history book should nowhere carry the 
tang of teleology: such passages as this 
should be eliminated—‘“many of the 
lowlier plants also contrive to exist in 


if careful observation of 


‘to write the history of 
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but its surface. temperature is onl 

4,000°C. or 2,000°C. less than that of thé 
sun. The distance from us ts over 4 
light-years and it is moving, witha velocity 
of 84 miles a second, almost at right 
angles to the line joining the star to the 
earth. Its velocity away from us is only 
3 miles a second. Those who possess a 
small telescope—say, a 3-inch refractor— 
will be able to see the companion tg 
Arcturus, a star of magnitude at 4 
distance 43” from Arcturus. Several other 
Stars in this constellation have companions 
which can be seen with very moderate 
optical aid. M. DAVIDSON, D.Sc. 


habitats which simulate for them a rocky 
cliff or hillside.” The author should get 
specialists to help him to touch up certain 
chapters and bring various passages up 
to the high quality of those on ornithology, 
Mr. Fitter’s own special field. The insect 
pests of foodstuffs are inadequately dealt 
with, to the extent that none of the most 
important studies, those of Professor 
J. W. Munro and his associates, is men- 
tioned. Similarly the references to spiders 
and fungi are superficial. Several chapters 
are weak on. botanical points. For 
instance. one would like to see some really 
convincing facts about the effect of the 
city’s sooty atmosphere on plants: Mr. 
Fitter says that there is no more direct 
biotic influence discussed in his book than 
atmospheric pollution so it is surprising 
to find only four pages devoted to it, 
and one could produce as detailed a 
statement without consulting anything 
more than newspaper cuttings. (The fate 
of lichens, to which the author makes 4 
two-line reference, is particularly inter 
esting: only one lichen appears to be atall 
widespread in London, and that is a 
subspecies of Lecanora galactina, occut- 
ring on calcareous building stone, which 
may chemically neutralise harmful acids 
in the atmosphere. ) 

Mr. Fitter gives copious notes about 
the plants that have swept in to occupy 
bombed sites: he lists Salisbury’s Royal 
Institution lecture in his bibliography but 
fails to include in his text the scientific— 
and most interesting—points made in that 
lecture. (Complementary to the records 
made by Salisbury and other botanists 
are those made of the fauna of static 
water tanks: the reviewer failed to find 
a single reference to this topic.) 

The book is lavishly illustrated with 
colour photographs. Most of these 
colour reproductions look far better by 
artificial light than by daylight, and this 
should make the publishers pause and 
consider the possibility of improving the 
colour registration in future books in the 
series. Readers will have spent a good deal 
of money by the time they have collected 
all the books they want out of the series 
(and there will be many who will buy 
every single ‘“‘New Naturalist’? volume) 
and they are entitled to something 
approaching natural colour as so much 
emphasis is put upon the colour illus- 
trations. 

WILLIAM E, DICK 


Printed and published in Great Britain by Jarrold < Sons, Ltd., The Empire Press, Norwich. 
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